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FERRUM 


STEEL PIPE LINES FOR HYDRO-ELECTRIC INSTALLATIONS 


Ferrum commenced the specialised design and manufacture of Steel Pipe Lines for Hydro-Electric 
Installations thirty-four years ago. Their accumulated experience, combined with continuous 
research and advance in practice, enables them to offer unrivalled co-operation in the safe, efficient 
and economical design, manufacture and erection of Pipe Lines for Hydro-Electric Installations. 


28, ESSEX ST., LONDON, W.C.2. [SEPTEMBER 6, 1935 
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In connection with this very large and important Ferrum also recently secured the contract for 





Government Hydro-Electric undertaking in India, 
illustrated above, it may be of interest to mention 
that the Pipe Lines, designed, manufactured and 
erected by Ferrum in 1931, operate under a head 
of 2000ft,. and are constructed of plain Lap-Welded 
Pipes and Ferrum Banded Pipes, fitted with Ferrum 
Joints. Total weight of Pipe Lines: 4200 tons. 


supply of the two Pipe Lines now in course of 
erection for the important Pailivasal Hydro-Electric 
undertaking, State of Travancore, India. 


Ferrum will be glad to mail upon application a 
copy of their publication ‘‘ Water Power Around 


the World.” 


SOLE REPRESENTATIVE FOR GREAT BRITAIN AND BRITISH DOMINIONS : 


S. L. R. HOLLIS, A.M.I. Mech. E., A.M.I.E.E. 
21, PALL MALL, 
LONDON, S.W.|I. 


Telephone: Whitehall 9545. 


Cables: Ferrumpipe, London. 
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WING to the increase of our business we 

have built NEW SHOWROOMS for our = 

MACHINERY DEPARTMENT at WOOD = 

= LANE, SHEPHERD’S BUSH, LONDON, = 
= W. 12 (adjacent to Wood Lane Tube Station, Central 
London Railway). = 


From this address our SECONDHAND 
MACHINERY business in London and Southern 
England will in future be conducted. 


HUNIIILVLUUIVL UNH 


| 
| 


| 


Will customers who have been in the habit 
of writing on MACHINERY business to 600, Com- 
mercial Road, London, E.14, or to 62, Glengall 
Road, S.E. 15, kindly communicate with us at Wood : 
Lane, Shepherd’s Bush, W. 12, in future. = 


HSH HANH 


Our other addresses—including that of our 
Head Office at 600, Commercial Road, London, 
E.14—remain unchanged ; and the sign of the firm 
will continue to be = 


SONS & 
(0.110 


GEORGE COHE 


HEAD OFFICE: 600 COMMERCIAL ROAD E£.14 


WOOD LANE , hoe BUSH 
LON DO ; 


Telephone: SHEPHERDS BUSH 2070 reat . Telegrams ny Jaf 
And at CANNING TOWN. PARK ROYAL. LEEDS. BIRMINGHAM, NEWCASTLE SHEFFIELD etc 
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SPECIFY NEWALLS 
BRAND 
OF INSULATION 





Our 85% Magnesia ** Newalls 
Brand” ( for heat) and Nonpareil 
Cork Covering ‘* Newalls Brand” 


We are the leading specialists in thermal insulation. Thirty-three 
years ago, we were pioneers in this field ; to-day our engineers have 





unrivalled experience and technique, and our laboratories are the 
most completely-equipped in Europe. All our services are at your 
disposal, and we shall be pleased to give consultation on any thermal 
insulation problem without obligation. Write Newalls Insulation 
Company, Washington Station, Co. Durham. 


Branch Offices LONDON: Asbestos House, Southwark Street, S.E.1. 
& Warehouses NEWCASTLE-ON-TYNE : 24, Grainger Street West. 
Head Office: Washington Station, Co. Durham. 





Branch of Turner @ Newall Ltd. 
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GLASGOW : 


so U N D oe oa ay 


( for cold) are technically the most 
efficient. We manufacture and supply 
also every other type of thermal 
and sound insulation. 


MANCHESTER : 10, Parsonage Gardens, 3. 
70, Wellington Street, C.2. 
Sub-Offices and Stores at: Liverpool, Belfast and Birmingham. 
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A Seven-Day Journal 


——@—— 
Electric Welding. 


On Monday last, the Quasi-Arc Company, Ltd., 
entertained the technical Press at a luncheon party 
after an inspection of its metallurgical and testing 
laboratories and welding school in Belgravia. Sub- 
sequently a series of 16 mm. films was shown in the 
theatre in the company’s offices. These films, 
‘‘ edited ”’ from longer reels, showed many examples 
of all-welded work in ship, bridge, tank, and pipe 
construction. The Quasi-Are Company was founded 
by Mr. Strohmenger, just twenty-four years ago. 
The founder had been struck by the fact. that blue- 
asbestos—a kind of ferro-silicate—had all the 
qualities required in an electrode flux and started 
the business in quite a small way and under the name 
of his manager, Mr. Slaughter. A few years ago, as 
our readers are aware, it was purchased by the 
present holding company, Turner and Newall, Ltd., 
for nearly a million and a half pounds sterling, 
an indication of the astonishing progress it has made. 
It is of interest to note that it continues to be operated 
as a perfectly independent concern, and its ramifica- 
tions now extend to all parts of the world. The 
visitors were struck by the great care exercised in the 
selection and examination of material and the efforts 
which are made to ensure a perfectly consistent 
product. The views of the directors of the company 
may be regarded as wisely conservative. They see that 
a single setback at this stage of the development of 
electric welding would inevitably have a retarding 
effect on progress, and consequently their policy is to 
produce a steel electrode of standard quality rather 
than one which might offer phenomenal qualities, 
but which could only be relied upon to exhibit them 
under exceptionally favourable conditions and with 
operators of exceptional skill. They claim, indeed, 
that with but little training any capable operator 
can use their electrodes with a certainty of securing 
the specified results. The origin of the name Quasi- 
Are is not without interest. Mr. Strohmenger is 
an old Finsbury student, and very naturally he 
demonstrated his then novel electrode to Silvanus 
Thompson. They discussed the action, and ‘“‘S. P. T.” 
remarked that a real arc was not formed—it was a 
quasi-arc. That gave Mr. Strohmenger the name he 
was looking for. Mr. Strohmenger himself was unable 
to attend the luncheon on Monday last owing to 
indisposition, but his place was ably taken by his son, 
Kenneth, a director of the company. 


New Commonwealth and Dominion 
Motor Cargo Liner. 


A NEW motor liner, the “ Port Townsville,”’ built 
by Swan, Hunter and Wigham Richardson, Ltd., 
for the Commonwealth and Dominion Line, left 
London on Tuesday, September 3rd, on her maiden 
voyage to Australia and New Zealand. She is 
primarily a refrigerated cargo ship, but carries 
twelve passengers in well-arranged accommodation. 
She has a measurement of 8860 gross tons and is 
designed to carry 11,400 tons deadweight on a draught 
of 29ft. 10in. Her overall length is 516ft. 4in., her 
beam 65ft., and her moulded depth to upper deck 
43ft. 9in. Two-thirds of her capacity is insulated, 
and the space so fitted for the carrying of fruit, chilled 
beef, and refrigerated cargo amounts to 408,802 
cubic feet out of a total of 632,120 cubic feet. The 
refrigerating machinery is of the latest Hall horizontal 
CO, electrically driven type. In her dimensions 
the new ship is practically a duplicate of the “‘ Port 
Wyndham,” constructed last year by John Brown 
and Co., Ltd., at Clydebank. That vessel was, 
however, equipped with the latest design of Brown- 
Doxford opposed-piston engines. The ‘“ Port 
Townsville ” is driven by twin-screw, eight-cylinder, 
Wallsend Sulzer engines, having a cylinder bore of 
720 mm. and 1250 mm. stroke, and a total service 
output of 11,700 i.h.p., corresponding to a sea speed 
of 16} knots. As befits the design of a large 
refrigerated ship operating on a long sea route, there 
is considerable margin of power, and during her 
recent official trials a speed of 18 knots was attained. 


The G.W.R. Centenary. 


On Saturday last, in connection with its centenary 
celebrations, the Great Western Railway took a 
party of some 300 guests by special train to Bristol, 
where in 1832 local business men first formulated the 
scheme for a railway to London for which Royal 
Assent was obtained on August 3Ist, 1835. The 
party left Paddington at 10 a.m. on a train made up 
of six of the company’s latest type of saloon coaches 
drawn by the locomotive “‘ King George V.” Arriving 
at Bristol at 12 noon, the party was taken by motor 
coaches to the University, where luncheon was served 
in the Great Hall. At the conclusion of a speech 
after the luncheon, Sir Robert Horne, the chairman 
of the G.W.R., announced that to commemorate 
Bristol’s association with the company, it was pro- 
posed to introduce a new express between Paddington 
and Bristol from Monday, September 9th. This 


to cover the 118 miles on the down journey vid Bath 
and the up journey of 117 miles #4 Badminton in 
105 min. in each direction at an average speed of 
67-6 and 67-1 m.p.h. respectively. Subsequently 
the guests assembled in the Lecture Hall to witness 
the exhibition of a sound film, the first part of which 
showed scenes from the early history of the company, 
and the second part gave a series of scenes taken at 
the Swindon works showing the making of parts and 
the assembly of a modern locomotive. The return 
train left Temple Meads at 4.30 p.m., and running 
to the new schedule arrived at Paddington at 6.15 p.m. 


Decontrol of Light Aircraft. 


ALTHOUGH the recommendations of the Gorell 
Committee on Civil Aviation have yet to receive 
Parliamentary authority, that whereby the control 
of airworthiness should devolve upon the Joint 
Advisory Committee of Lloyd’s Register and the 
British Corporation Register, is being used as a guide 
to the Air Ministry’s action in allowing the Drone 
aeroplane to be exempt from Government inspection. 
Owing to the absence of Parliamentary powers as 
yet, the machines entitled to this exemption are 
named by individual types, and the ‘“ Drone” is 
the first of them. It is the machine used by Mr. 
Robert Kronfeld in his very successful flights, and 
is produced by the British Aircraft Manufacturing 
Company, Ltd., at Hanworth. The conditions under 
which the privilege has. been granted have been 
outlined in a letter to the manufacturers by the Air 
Ministry. One of these conditions is that the machine 
should not be flown outside Great Britain and 
Northern Ireland. - This restriction is necessary, since 
this country is the first to free aeroplane manufac- 
turers from Government control. Another condition 
is that the machines should not be used for the 
transport of fare-paying passengers. While, up to 
the present, only the ‘ Drone,” which is an ultra- 
lightweight machine, has been exempted, it is expected 
that machines with capacities up to five passengers 
will eventually be granted the privilege. Regular 
air transport machines will not be included in the 
scheme. The holding of a third-party insurance 
policy is compulsory for exempted machines, and 
will ensure that adequate inspection will still be carried 
out during manufacture, the responsibility, however, 
devolving on the insurance companies who will 
adjust their premiums to suit the risk in the event of 
airworthiness being in any way jeopardised. The 
concessions are due in great measure to the efforts 
of Mr. E. C. Gordon-England and Lieut.-Colonel 
J. T. C. Moore-Brabazon, both pioneers of British 
flying. 


A Trans-European Highway. 


A party of British and Empire delegates left 
London on Monday of this week in a fleet of motor 
cars for the Budapest Conference on a Transcon- 
tinental route from London to Istanbul, which has 
been called the European Highway No. 1. The Con- 
ference, which will be held from September 10th to 
14th, is being convened by the Hungarian Government 
and aims at rationalising the organisation existing 
in each country for the completion of a model highway 
traversing the whole Continent of Europe. The 
idea of a Transcontinental road was conceived by 
the Automobile Association in 1930, and received the 
support of all the countries traversed. Eventually, 
it is intended that the route shall form the nucleus 
of a system of grand trunk roads extending across 
Asia to Calcutta and through Africa to the Cape. 
The Transcontinental Highway runs from London 
vid Maidstone and Folkestone to Dover, and from 
Calais passes through Brussels, Cologne, Niirnberg 
and Vienna to Budapest (1092 miles from London). 
The Hungarian capital is virtually the centre of the 
European section, and from this point the route 
forks, one branch continuing through the Balkans 
vid Belgrade, Sofia and Edirne to Istanbul (distant 
1937 miles from London), while the other branch goes 
vid Bucharest to Constanta on the Black Sea Coast. 
The extension to Calcutta brings the mileage to about 
7600 from London, while Cape Town, the terminus 
of the projected African route, is more than 10,800 
miles from London. Already a good deal of construc- 
tion work has been accomplished along the European 
section of the route, which, in its completed form, will 
be a modern highway for all classes of traffic and not 
one solely for private motor vehicles. 


Launch of H.M. Submarine Narwhal. 


On Thursday, August 29th, the launch of his 
Majesty’s submarine ‘“‘ Narwhal” took place at the 
Naval Construction Works of Vickers-Armstrongs, 
Ltd., Barrow-in-Furness. The ceremony was per- 
formed by Mrs. Henderson, the wife of Vice-Admiral 
R. G. H. Henderson, Third Sea Lord, and Controller 
of the Navy. At the luncheon which followed the 
ceremony, Colonel J. B. Neilson, the deputy chairman 
of Vickers, Ltd., and of Vickers-Armstrongs, Ltd., 
who presided in the unavoidable absence of the chair- 
man, pointed out that as far back as 1900 an arrange- 
ment had been made to allow the Holland Patents 
to be used at Barrow. These patents were in the 
hands of the Electric Boat Company of America, and 
covered forms of submarine construction. H.M.S. 





train—to be called ‘“‘ The Bristolian ’—is scheduled 


‘‘ Narwhal’”’ is the 167th submarine to be Jaunched 





from the Barrow shipyard. The “ Narwhal” is a 
submarine of the “‘ Grampus ” class, which includes 


two sister ships, the “ Grampus ”’ and the “‘ Porpoise,”’ 
the former having been built at Chatham and the 
latter by Vickers-Armstrongs. Reports of their 
performances mention a surface speed of about 15 
knots, and a submerged speed of about 8} knots. 
The displacement figures are given as about 1520 
tons on the surface, and about 2140 tons submerged. 
Their engine horse-power is stated to be 3300 
and the electric drive horse-power, 1630. The class 
is reported to be adapted for minelaying, while their 
armament is given as one 4-7in. gun, two smaller 
guns, and six torpedo tubes. 


Kelvin, Bottomley and Baird, Ltd. 


THE announcement is made that Mr, Frederick 
C. Stewart has been elected chairman of Kelvin, 
Bottomley and Baird, Ltd., of Glasgow, makers of 
nautical and scientific instruments, the firm founded 
by the late Lord Kelvin. Mr. Stewart is widely known 
in the shipbuilding industry, both in this country and 
abroad. He was originally trained as an accountant 
and was associated with his brothers, the late Mr. 
Alexander W. Stewart, and the late Mr. William M. 
Stewart, in founding the business of the Thermotank 
Company at Govan, which firm has now equipped 
thousands of ships with ventilating plants of Thermo- 
tank and “ Punkah Louvre” design, including the 
latest liners built in this country and abroad. On 
the death of Mr. Alexander W. Stewart two years 
ago, Mr. Fred. Stewart became the chairman of 
Thermotank, Ltd. We congratulate him on his new 
appointment, in which his wide knowledge of the 
requirements of the modern liner and cargo. ship 
should be of the greatest assistance to him in develop- 
ing further the many marine specialities manu- 
factured by the company with the control of which he 
is now associated. 


The Sixteenth International Navigation 
Congress. 


Tue sixteenth International Navigation Congress 
opened in Brussels on Monday, September 2nd, under 
the shadow of the tragie death of Queen Astrid of the 
Belgians. At the opening ceremony in the Grand 
Salle of the Palais des Académies, at which Monsieur 
de Man, the Minister of Public Works, presided, the 
heads of the foreign delegations took the opportunity 
to express on behalf of their respective countries 
sincere and sorrowful sympathy with the Belgian King 
and people in the bereavement which has befallen 
them, a loss following so soon the tragedy which 
deprived them of their late King. The meetings of 
the sections of the Congress were suspended on 
Tuesday until after the funeral ceremonies had con- 
cluded; but the delegates from foreign lands 
assembled on the terrasse of the Palais des Académies, 
close to the Royal Palace, at the time when the pro- 
cession passed on its way to the Church of Saimte 
Gudule. The work of the Congress is divided into 
two sections : Inland Navigation and Maritime Navi- 
gation, presided over respectively by Monsieur J. Van 
Caenegem, formerly Minister of Public Works, and 
Monsieur D. Bouckaert, a former Directeur Général 
des Ponts et Chaussées. The discussion of the many 
reports presented to the Congress proceeded generally 
in accordance with the programme, but all the social 
arrangements for the entertainment of delegates, 
including the banquet, which was to have taken place 
on Tuesday, were cancelled. 


Aerial Surveying in the Far East. 


THE important part that can be played by aircraft 
for the purpose of petroleum exploration and gold 
prospecting is illustrated once again by the announce- 
ment that the de Havilland Aircraft Company has 
just completed the construction of three twin-engined 
aircraft which have been especially adapted for aerial 
survey work. These machines are of the “ Dragon 
Rapide ”’ type, driven by two 200 h.p. “ Gipsy Six ” 
engines, and have been ordered by the Netherlands 
New Guinea Petroleum Company. That company 
intends to proceed with a survey in New Guinea, which 
will cover 25,000,000 acres. As the only known feature 
of the petroleum district is the general course of the 
large rivers, it is intended to prepare by means of 
aerial photography good topographical maps. These 
maps will be of very great value to Government 
officials, forestry experts and agriculturists, besides 
giving an indication of sites suitable for petroleum 
operations. Within a few days two English pilots 
and one Dutch pilot will fly the three aircraft to Java. 
The flight will take fourteen days. The machines are 
of much technical interest. In addition to the 
standard equipment, they will be fitted with blind 
flying instruments, sun blinds, metal propellers and 
Marconi transmitting and receiving radio apparatus. 
The cabin accommodation has been altered to make 
provision at the rear end for a vertical camera to take 
photographs through the floor at an angle of 148 deg. 
with uninterrupted view. Two 30-gallon auxiliary 
petrol tanks are placed centrally in the cabin and are 
covered for use as working tables. Landing grounds 
and camps are being constructed for use during the 
survey at four points in New Guinea, and from each 





of these a portion of the territory will be photographed, 
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{Continued from page 212, August 30th.) 


Y rotor resistance control a slip-ring motor may 

be made to work at speeds below the normal 
value. If the machine runs for the most part at 
full speed and the resistance is brought into: use 
occasionally, the loss involved may be insufficient to 
render the method prohibitive. But economical and 
fine speed variation corresponding to that obtained 
with a D.C. shunt motor calls for special A.C. 
machines which are more complicated and expensive 
than normal motors. A speed ratio of 2:1 can be 
secured on a squirrel-cage motor with a single stator 





winding arranged so that the number of poles can 





FIG. 21—TWO-SPEED MOTOR DRIVING 


be changed by .altering the connections. By con- 
structing it as a change-pole machine, a squirrel- 
cage motor can give two, three, or four speeds. 
The speeds of a four-speed motor obtainable at will 
may be 3000, 1500, 1000, and 500 r.p.m., or an 
alternative motor may give 1500, 1000, 750, and 
500 r.p.m. Three-speed motors may provide any 
three speeds of the four-speed ranges. There are 
other possibilities, such as a speed of 375 r.p.m. 
But it is to be remembered that the size of a motor is 
dependent upon its speed, and it is usually found that 
the lowest speeds obtainable electrically are uneco- 
nomical from the point of view of cost. These change- 
pole motors are well suited for driving machine 
tools, woodworking machinery ; and, in fact, for all 
classes of service demanding a definite range of speeds 
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FiG. 22—THREE-PHASE A.C. COMMUTATOR MOTOR 


within the ratios permissible. A two-speed motor 
may be used to drive a lathe on which the rough cut 
is taken at slow speed and the finishing cut at high 
speed ; a tapping machine may tap at the low speed 
and withdraw at the high speed. 

Many other possible applications for these change- 
pole motors might be mentioned. At one time it 
was customary where A.C. is used to employ a slip- 
ring motor for operating lifts. But it is now fairly 
common practice to adopt a high-torque, high- 
resistance rotor squirrel-cage machine, started with a 
simple “ direct-on ” switch. Usually the method of 





operating is to start by switching the high-speed 


winding directly on to the line when the motor 
develops 2 to 2} times full-load torque with about 
3 to 3} times full-load current. The lift is accelerated 
and continues to travel with this winding in use, but 
when the lift approaches the required floor, the slow- 
speed winding is switched in and the lift is decelerated 
down to the low speed. The motor acts as a brake 
and the lift is finally brought to rest by the solenoid 
brake. Advantages of two-speed squirrel-cage motors 
are simplicity of control and the even braking afforded 
by the slow-speed winding. An application of a 
two-speed motor built by the Brush Electrical 





ROLLING MILL 


A GOLD AND SILVER 
Engineering Company, of Loughborough, is given 
in Fig. 21, which shows a three-phase, 50-cycle 
motor driving a gold and silver rolling mill. Practic- 
ally all electric motor manufacturers make change- 
pole motors for at least two speeds. 

Although more complicated and expensive than 
induction motors, A.C. commutator machines possess 
characteristics which give results unobtainable with 
any other type of self-contained A.C. motor. A wide 
speed range can be obtained. Once the speed is 
adjusted it remains practically constant irrespective 
of the load, and differs in this respect from a 
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FiG. 23—CONNECTIONS FOR MOTOR AND CIRCUIT 


BREAKER 


rotor resistance-controlled, slip-ring motor. A hand 
wheel acts as a controller with an infinite number 
of points. Remote control can be obtained by 
mechanical or electrical means. As the speed 
control does not entail any external loss, the 
motor efficiency is high over the whole speed 
range. The power factor throughout a considerable 
portion of the ranges higher than that of an induction 
motor. To start the machine the brush gear is set 
in the minimum-speed position, and a switch in the 
primary circuit of the motor is then closed. Arrange- 
ments are made to prevent starting in the event of 
the brush gear being in the incorrect position. 

Composed of an ordinary slip-ring machine with 
the position of the primary and secondary windings 
reversed and the addition of a third winding 
connected to a commutator, these A.C. variable-speed 
machines can meet many requirements. 

As indicated in the diagram, Fig. 22, the primary 





winding is on the rotor and is connected to the supply 
mains by slip rings and brushes, while the secondary 
winding is on the stator. A regulating winding 
connected to the commutator is placed in the rotor 
slots. Two brush rockers can be moved relatively 
to each other around the commutator either by a 
hand wheel attached to the motor, or from a distance 
by mechanical or electrical means. One end of each 
of the ‘phase windings of the stator or secondary 
winding is connected to a brush stud of one rocker 
and the other end of the phase to the corresponding 
brush stud of the opposite rocker. Thus, the greater 
the distance the brushes are moved apart around the 
commutator, the greater will be the number of 
commutator bars separating the brushes connected 
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FiG. 24-TORQUE SPEED CURVE 


to each end of each phase of the secondary winding. 
Hence, the greater the amount of regulating winding 
connected in cireuit with the secondary winding. 
The principle involved is easily understood. 
Voltage induced by the primary in the secondary 
circuits of an induction motor is a function of the 
speed. It is zero at synchronous speed and attains 
a maximum value when the motor is at rest. If the 
motor were rotated by external means at twice the 
synchronous speed, the induced voltage would be 
equal to that at standstill. In the case of the machine 
under consideration, when the brushes connected 
to the ends of the same phases of the secondary wind- 
ing are in line and consequently in contact with the 
same commutator segments, the secondary winding 
will be short-circuited through the segments. Thus 
the conditions will be similar to those of an ordinary 
induction motor, and the machine will run at a speed 
slightly below the synchronous value. A small 
voltage will be induced in the secondary windings. 
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FiG. 25—CURVES COMPARING COMMUTATOR 
AND SLIP RING MOTORS 


But if the brushes on the two brush rings are separated 
by rotating them relative to each other around the 
commutator, a certain voltage will exist between the 
brushes of each phase. The value of this voltage 
will depend on the distance separating the brushes, 
or, in other words, the amount of regulating winding 
in circuit with the secondary winding. The effect of 
this voltage injected into the secondary circuits is 
to compel the motor to change its speed from the 
synchronous value to that at which the induced 
voltage in the secondary winding is sufficiently 
increased to restore the balance in the circuits. Any 
speed within the range above or below the synchronous 
speed can thus be obtained by rotating the brush gear 
in one direction or the other. 

For moving the brush gear a hand wheel is normally 
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fitted, but if the speed is to be controlled from a 
distance, some other mechanical arrangement is 
provided or a small pilot motor may be fitted. Pro- 
vided the brushes are set in the minimum. speed 
position, the current drawn from the line is limited 
to 1} times full load current when the speed range is 


2:1, or greater. The only switchgear necessary is 
a primary switch. _When the speed, range is less 
than 2: 1, in some cases it may be necessary, for the 
purpose of starting, to insert a resistance in the 


secondary circuit_to limit the starting current, and/or 


a practically constant torque throughout the entire 
speed range... The output. is. directly proportional 
to the speed, and as the majority of industrial appli- 
cations require motors with this characteristic, the 
most economical size of machine can. be used. But 
motors of this type can be designed to suit drives with 
other torque speed characteristies, and they have 
been applied successfully to a large number of fan 
and pump drives, necessitating a torque approxi- 
mately proportional to the square of the speed and 
to constant horse-power drives, such as machine 








FIG. 26—PRINTING PRESS DRIVEN 


provide the necessary starting torque. 
up to 15: 1 can be obtained. 

Since at low speeds the input to the motor is greatly 
reduced, an ordinary overload tripping coil in the 
primary circuit does not give complete protection if 
the output is proportional to the speed. Complete 
protection at all speeds is, however, obtained by 
using a tripping device in the secondary circuit of 
the motor, as shown in Fig. 23, and the use of a 
thermal relay for this purpose is strongly recom- 
mended. The motor here described is made by the 
B.T.H. Company, but similar machines are produced 
by other firms, such as ASEA, the English Electric 
Company, the General Electric Company, and 
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FiG. 27—A.C. SERIES COMMUTATOR MOTOR 


J. H. Holmes. The motor operates above and 
below synchronous speed, and any desired speed 
within the range can be obtained and main- 
tained within small limits with changing loads, 
a result equivalent to the use of a controller 
having an infinite number of steps. From no 
load to full load the drop in speed at any brush 
setting is from 24 to 10 per cent. of the maximum 
speed, the value depending on the size of the motor 
and the speed range. By suitably designing the 
windings it is possible to give the speed range the 
desired value, so that working speeds of, say, one- 
fifteenth the maximum speed can be secured simply 
by moving the brush gear. 


BY AN A.C. COMMUTATOR MOTOR 


tools. B.T.H. machines have been supplied for fans 
and similar drives with very short speed ranges, and 
for these applications the motor is smaller, more 
efficient, and can be designed for higher speeds than 
a normal 3 to 1 speed range motor. A torque-speed 
curve for one of these B.T.H. commutator motors with 
a long speed range is given in Fig. 24. At creeping 
speed the greatest possible stability is obtained, 
whilst resistance losses and cumbersome control gear 
are eliminated. The only other way of obtaining 
the characteristics shown is to use a Ward Leonard 
equipment, which consists of three machines and has 
a much lower efficiency. 

Compared with an induction motor on which 
speed reduction is obtained by rotor resistance, these 
A.C. machines show a considerable gain. This is 
indicated in Fig. 25. Curve A indicates the 
output, B the input to the induction motor with 
rotor resistance control, C the input to a commutator 
motor with a 3:1 speed and resistance for 
creeping, and D the input to a commutator 
machine with the long speed range. The shaded 
areas indicate the saving in power. Since the output 
is the same in all cases, the vertical distance between 
the input curves at any speed gives the power saved 
by using one type of motor rather than another. 

The hatched area between curves B and C gives, 
for instance, the saving obtainable if a normal 
type of commutator motor is used instead of an 
induction motor with rotor resistance. A further 
saving in power indicated by the vertically-hatched 
area is obtained at low speeds if a commutator motor 
with a low-speed range is used. Among the machines, 
&c., to which these B.T.H. commutator motors have 
been applied are paper and rubber calenders, calico- 
printing machines, cement kilns, compressors, 
blowers and fans, cranes, high-speed lifts, knitting 
machines, large machine tools, paper-making 
machines, printing presses, pulverised fuel plant, 
centrifugal and ram pumps, ‘ring spinning frames, 
mechanical stokers, and sugar-refining machinery. 
Motors of this type are also made by J. H. Holmes 
and Co., Ltd., of Hebburn-on-Tyne, and a Miehle 
printing press driven by a Holmes shunt characteristic 
A.C. commutator motor is shown in Fig. 26. The 
brush gear is motor operated, and remotely con- 
trolled. A.C. commutator motors with series charac- 
teristics are also made by this firm. The series 
characteristic commutator motor is put forward for 
variable-speed drives when the load increases with 
the speed. There is no risk of the speed becoming 
excessive if the load is reduced, because even with the 
brushes set in the high-speed position the speed of 
these motors does not increase by more than 30 per 
cent. when the torque is reduced to one-quarier of 
full-load torque. But in many cases this speed 
variation would not be permissible and a motor with 
shunt characteristic as described should be employed. 
Where various speeds are required to suit changes 
in the nature of the process to which the motor is 
applied and the load is variable during a cycle of 
operation, the shunt characteristic machine is suitable. 


For any given brush setting a practically constant 





very steady speeds are essential. Drives for which the 
Holmes series motor is recommended are fans, com- 
pressors, pumps, &c. Transporters, turntables, and 
similar loading devices needing good acceleration, but 
which would overload the motor at éxcess speed, can be 
operated advantageously with series motors. The 
stator of the Holmes A.C. commutator series machine 
corresponds with that of an induction motor, and may 
be wound for high voltage. The rotor is practically 
the same as a direct-current armature with a com- 
mutator, and the usual type of winding. As its 
voltage has to: be kept low it is fed by a series trans- 
former, as shown in Fig. 27. 

The transformer primary is connected in series 
| with the stator winding, and although the low 
| voltage applied to the brushes is derived from the 
secondary winding; the general scheme of connections 
| is characteristic of the series type. Hence, the trans- 
former may be negleeted and the motor may be con- 





Rotor E MF 














j < 


“Tre Encineen’* 


FIG. 28—RELATION OF E.M.F.S AT STANDSTILL 


| sidered to consist of a stator and armature in series. 
| At standstill the application of a voltage to the 
terminals will result in the setting up of a field of 
such a strength that the resultant back E.M.F. is 
equal to the supply voltage except for the reactive 
and copper drop duo to the current flowing. This 
field is the resultant of the magnetising effects of the 
stator and rotor windings, and it cuts both windings 
at the same speed. Thus, the ratio of stator to rotor 
E.M-F. is fixed at standstill by the effective number 
of conductors in the two windings. ‘The phase relation - 
ship of the rotor and stator E.M.F. depends on the 
position of the brushes. Any movement of the 
brushes alters the phase of the rotor E.M.F. without 
changing its relative magnitude, since the effective 
turns are unaltered. The resulting magnetising 
effect also depends on the brush position, since any 
shifting will bring the rotor turns more or less into 
parallelism with the stator winding. With a constant 
voltage, at standstill there is a particular value of 
field strength and current corresponding to each 
brush position. The stator and rotor E.M.F.’s 
both differ from the supply voltage, and the relation 
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FIG. 29—VARIATION WITH SPEED OF STATOR 
E.M.F. WITH BRUSHES AT 45 DEG. 


of the E.M.F.’s at standstill] may be represented by 
triangles (Fig. 28), where « denotes the brush angle. 
A series of triangles on a constant base representing 
the supply voltage show the varying conditions as 
the brush angle is changed, and indicates that as it 
diminishes the stator E.M.F. and field strength 
increase. 

Because it is out of phase with the effective 
magnetisation the current in the rotor provides a 
torque. To speed up the motor the brush gear Is 
shifted backwards against the direction of rotation. 


The rotor E.M.F. then decreases, and if the brushes 


are kept fixed at any particular point, the stator 
E.M.F. will decrease as the load increases. At 
synchronous speed there is no E.M.F. across the 
rotor brushes, and the stator E.M.F. is equal to the 
supply E.M.F. With the brush position fixed the 
phase angle between the rotor and stator B.M.F.’s 
remains constant, and the locus of the vertex of 





speed can, as previously indicated, be maintained, and 


a shunt: characteristic motor should be chosen when | synchronous speed the rotor E.M.F. rises again, but 





With constant secondary current the motor exerts 








the E.M.F. triangle is a circle—Fig. 29. Above 
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its direction is reversed so that the stator E.M.F. 
decreases rapidly, and likewise the current and torque. 

While the speed of the motor is independent of 
the number of poles for which it is wound, for any 


given setting of the brushes it rises as the load is 
reduced, just as in the case of a D.C. series-wound 
motor. With the brushes in the limiting high-speed 
position, the speed does not increase rapidly as the 
load decreases. The characteristic under this condi- 
tion approaches that of a compound-wound D.C. 
motor, and ia general it is unnecessary to provide a 
device to isolate the motor at high speed. When a 
constant torque is desired, the working range of speed 
should be kept within 3: 1, but it may be increased 
to 4: 1 for drives in which the torque falls off as the 
speed is reduced. The synchronous speed of the 
motor occurs at an intermediate value of the speed 
range. The permissible speeds range from 45 to 
135 per cent. of synchronous speed for a 3: 1 range. 
For speeds near synchronism and above, the power 
factor approaches unity and only begins to fall off 


former is reduced. 


motor is switched on to the line. 


considerably when a speed below 75 per cent. of the 
synchronous value is reached. It is important that 
the speed range specified should not be greater than 
is actually necessary, especially in view of the fact 
that with a small speed range the size of the trans- 


The starting torque of the series characteristic 
motor depends upon the brush position at the time the 
As a general rule 


trically or by hand. The downstream valve is of 
the Larner-Johnson needle type, 1-55 m. diameter, 
also operated electrically or by hand. The valves 
are installed at the bottom of a concrete-lined access 
shaft, 3-5 m. diameter, the top of which is at level 
+123-0 m. near the abutment of the dam on the 
right bank. An auxiliary emptying culvert, having 
a discharge capacity of 1-5 cubic metres per second, 
traverses the dam at level +82-+5 m. 


the motor is started by switching it on with the 
brushes in the low-speed position, when the starting 
torque is about 50 per cent. of the full-load torque, 
while the starting current does not exceed 50 per cent. 
of the full-load current. As the brushes are moved 


Hypro-ELEctTRIC PowER STATION AND TUNNEL. 


The power station, constructed for the Cie de 


and the motor can be run up to the desired 


150 per cent. of full-load current. 





(To be continued.) 








El Kansera Dam, Morocco. 





HE Public Works Administration of Morocco has 

been for some years past engaged upon the 
execution of a large programme of irrigation works, 
which includes the construction of several important 
storage reservoirs and a network of irrigation canals. 
One of the most interesting dams included in this 
programme is that recently completed in the gorge 
of El Kansera, on the Oued Beht, approximately 
100 kiloms. east of Rabat, which forms a reservoir 
intended for the irrigation of about 30,000 hectares 
(74,100 acres) in the Rharb plain. The building of 
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FiG. 1—PLAN SHOWING POSITIONS OF DAM AND POWER 


the dam was completed in March, 1934, and the filling 
of the reservoir, begun in Oetober, 1934, reached the 
level +112-0 in April, 1935. The full impounded 
level of + 116-5 is not likely to be attained before the 
winter of this year. 

Before the construction of the Kansera dam, the 
bulk of the discharge of the Qued Beht flowed to 
waste during the winter time in the form of flood water, 
the summer flow of the river being relatively insig- 
nificant—1 to 2 cubic metres per second. The mean 
annual flow of the Oued Beht is more than 5 cubic 
metres per second, and the storage now provided is 
sufficient for the perennial irrigation of the area 
above mentioned. 

Above the site of the dam is an ancient lake basin. 
The river, by slow but continuous erosion, has formed 
the gorge at the lower end of this basin, and by 
progressive lowering of its bed has emptied the lake. 
The dam has the effect of re-establishing the old lake, 
but at a lower level than its ancient surface. A 
reservoir is thus created of 275 million cubic metres 
capacity, whose surface is at a level of 35 m. above the 
actual river bed. The surplus water stored in the 
reservoir and not required for irrigation purposes 
will be utilised by transformation into electrical 
energy in an hydro-electric station, which has been 
constructed below the dam, for the production of 
15,440 KVA on a flow of 40 cubic metres per second 
(Fig. 1). 

All the works have been undertaken by the Public 
Works Administration of Morocco under the direction 
of Monsieur F. Picard, Ingénieur-en-Chef des Ponts 
et Chaussées, Joint Director of Public Works, and of 
Monsieur L. Marcé, head of the Hydraulic Works 
Department. The contract for the works was placed 
in 1926 with Omnium d’Entreprises (Paris) and 
Entreprises de Grands Travaux Hydrauliques, who 
also acted as consulting engineers, and was com- 
pleted at the end of 1934. 


Dam Srte AND RIvER DIVERSION. 


The impermeability of the lake bed is assured by 
the presence of impervious surface deposits, consist- 
ing mainly of thin beds of argilaceous mar] alternating 
with beds of soft caleareous rock. The beds of mar] 





are cut through by the gorge of El Kansera, on the 


sides of which their section is clearly visible inclined 
upstream at a slope of about 30 deg. 

The work of constructing the dam was carried on 
under the shelter of an upstream concrete cofferdam 
of arched form and an earth cofferdam downstream, 
the river water being diverted into a concrete lined 
tunnel, 3-5 m. diameter and 450 m. long, which per- 
mitted the evacuation of the normal flow of the Oued 
and of floods up to about 50 cubic metres per second. 
During floods of larger volume than could be passed 
through the tunnel the cofferdams were submerged 
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and the excavations flooded. Such floods occurred 
on at least one occasion yearly. The diversion tunnel 
is a permanent work, and provides under normal 
conditions for the discharge of water, to the river 
below the dam, required for irrigation. In it, at a 
point about 180 m. from the upstream inlet and 
approximately on the line of the dam, is a valve 
chamber (Fig. 2), containing two valves in series 
placed at level +79-75m. These provide for empty- 
ing the reservoir in case of necessity as well as for 
the control of irrigation water. The two valves have 
a discharge capacity of 20 cubic metres per second 
under a head of 10 m. The upstream valve is of 
butterfly type, 2 m. diameter, worked either elec- 
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Fic. 2—PLAN OF EL 


against the direction of rotation the torque increases 
with 
the rate of acceleration under the control of the 
operator. A starting torque of 200 per cent. full-load 
torque can be obtained with a current not exceeding 


Reservoir,Max. W.L. +120-1m, 
Min. W.L. +100-0 m. 


Dam 178m. Long 


Energie Electrique du Marog, is situated 925m. down. 
stream of the dam at the mouth of the gorge (Fig. 1, 
and Fig. 10 on page 244). It is designed to utilise 
the upper layer of stored water retained between the 
levels +117-5m. and +100-0m., corresponding to 
@ gross head varying between 45 m. and 28 m. and 
having a volume of 240 million cubic metres. The 
function of the hydro-electric station is to meet 
peak loads and the installation comprises two groups 
of 7720 kVA machines, each having a maximum 
input of 20 cubic metres per second. 

The k tunnel through which water flows 
to the turbines is 860 m. long and is 4 m. diameter. 
It is lined throughout with concrete having a heavily 
reinforced gunite surface designed to withstand the 
internal pressure due to the maximum head of 35 m. 
of water. 

The tunnel is at its downstream end in communi- 
cation with a surge shaft, 35 m. high and 12 m. dia- 
meter, situated immediately behind the power station 
(Figs. l and 10). The shaft is constructed of reinforced 
and vibrated concrete. 

At its upstream end the tunnel bifurcates into two 
steel pipes, each 2-8 m. diameter, which pass through 
the dam at level +96-80, terminating at the intake 
on the upstream face of the dam (Figs. 2 and 5). 

On each intake pipe is placed a valve, 4 m. wide, 
operated from the crest of the dam at level + 123-0 
by electrical or hand power at will. If, for any reason, 
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the velocity of the water passing through the intake 
pipes becomes too great, an automatic arrangement 
operates to close the valve. The intake pipes ter- 
minate on the upstream face of the dam in a bell- 
mouth opening of reinforced concrete protected by a 
grillage (Fig. 5). 

THE Dam. 


The height of the dam above the bed of the Oued is 
43 m., and above the lowest point of the foundations 
63 m. The maximum flood for whieh provision is 
made in the design of the dam is 2000 eubic metres 
per second, a figure arrived at by calculation based on 
the Fuller (American) tables. The maximum flood 
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observed since 1923 is one of -500 cubic metres per 
second in November, 1933. The assumed maximum 
flood water level in the reservoir above the dam is 
-+122-0 m. corresponding to a flood of 2000 cubic 
metres per second flowing over the dam. 

The dam is of gravity type. In plan its upstream 
face is in a straight line not normal to the direction 
of the thalweg but inclined thereto at an angle of 
about 60 deg. The reason for this deviation is to be 
found in the nature of the foundations, of which 
mention will be made hereunder. The length of the 
dam on its crest.is 178 m. It is divided into twelve 
constructional zones numbered from 0 to 11, starting 
at the right bank (Fig. 6). Each zone has a length of 
approximately 15 m., and is separated from the 
adjoining sections by vertical contraction and expan- 
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Fics. 3 4 AND 5—CRoss- 


sion joints. The dam is furthermore subdivided into 
three distinct portions :— 


(a) Gravity dam without spillway (Fig. 3), com- 
prising zones 0, 8, 9, 10, 11. 

(6) Gravity dam with spillway (Fig. 4); zones 1, 
2, 3, 4, 5. 

(c) Dam with buttresses, but without spillway 
(Fig. 5); zones 6 and 7. 


The reason for the construction of zones with 
buttresses was the inferior condition of the founda- 
tion encountered under this part of the work. In all 
zones the upstream face of the wall is plain with a 
batter of 1 in 20. The crest of the dam, where no 
spillway is provided, is at level + 123-0, and is 6 m. 
wide, and the downstream face has a slope of 8 hori- 
zontal to 10 vertical. 

The downstream face of the spillway dam also has 
a slope of 8: 10, its crest being formed by a curve 
whose highest point is at +116-5 m., calculated to 
give maximum discharge efficiency. The exact 
profile of the crest was determined by tests on labo- 
ratory models. At crest level the spillway has a 
width of 65 m. On the downstream side of the dam 
at level +78-2, the face width of the spillway is 
reduced to 46m. The spillway is de-limited on either 
side by a high concrete guide wall, seen in the views 
on page 244, of sufficient height to avoid sub- 
mergence by a flood of 2000 cubic metres per second. 

Inspection galleries are constructed longitudinally 
through the dam at levels +105-0, +82-5, and 
+69-65. These are seen in the longitudinal section 
of the dam (Fig. 6), and in cross sections. Access to 
all the galleries is provided by vertical shafts. On the 
downstream side of the lowest gallery is a temporary 
gallery referred to hereunder. 


Buttress Dam. 


Because of the presence of poor foundation rock 
beneath zones 6 and 7, it was necessary to reduce as 
much as possible the weight of the structure, and the 
maximum intensity of stress on the rock. This was 
done in the following manner :— 

Each of the two 15 m. zones is formed with a 
buttress 4 m. wide, supporting on the upstream side 
a curtain wall having a minimum thickness of 6 m., 
the whole resting on @ continuous spread foundation, 
which is extended downstream to abut against an 
inclined face of rock (Fig. 5). The bulk of the con- 
crete in zones 6 and 7 is not reinforced, but, for greater 
security, the upstream side of the curtain wall is 
lightly reinforced and the downstream footing is 
connected to the upstream curtain by ties of round 
steel bars. Zone 6 serves as a support for the power 
station intake pipes already mentioned. 


EXPANSION AND CONTRACTION JOINTS. 


Each vertical expansion and contraction joint, 
normally at intervals of 15 m., is sealed on the up- 
stream side by a water-tight device, those between 
zones 6 and 7 and their adjoining zones consisting of 
a double seal of sheet copper embedded in the con- 
crete on each side of the joint. The other joints 
between the zones are sealed by water-tight vertical 


upstream face and backed on the downstream side 
by a shaft plugged with clay. 


SPILLWay. 


On the downstream side of the spillway dam, and 
separated from it by a contraction and expansion 
joint, there is an invert or floor of reinforced concrete 
about 3 m. thick. This floor has a steep slope down- 
stream, extending from level +-78-22 down to level 
+68-0 and a mean width of 35m. At the lower end 
of the spillway floor is a counter dam or weir solidly 
founded in the rock and having its crest serrated in 
the form of parallel slots which break up the current 
of water, reducing the turbulence and preventing 
deep wash-outs on the downstream side. The spill- 
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tain nature of the foundation rock. The maximum 
pressure on the downstream side of the dam at 
foundation level is about 15 kilos. per square centi- 
metre (13-72 tons per square foot). In the zones 
constructed with buttresses the resultant pressure 
on the foundations and on the inclined face of rock 
on the downstream side has been so distributed as 
to produce a stress normal to the rock of not more 
than 5 kilos. per square centimetre (4-57 tons per 
square foot). 


FOUNDATIONS. 


In the case of several recently constructed dams 
in Northern Africa the foundations, when uncovered, 
have disclosed unexpected features in spite of careful 
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preliminary geological study. Irregular sedimenta- 
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SECTIONS 


by high side walls, deflects the stream flow in the 
direction of the course of the river channel below the 
dam. This re-direction of the stream flow is facilitated 
by three intermediate guide walls of strongly rein- 
forced concrete, which also are curved in plan (Fig. 8, 
page 244). 

The pressures which the guide walls have to with- 
stand are considerable. The spillway has, first, to 
provide for the complete absorption of the energy 
produced by the flow, in the case of a maximum flood, 
of 2000 cubic metres per second, amounting to 
1,200,000 h.p. It was obviously imprudent to make 
any provision for the absorption of a large part of this 
energy by the structure of the dam because of the 
excessive vibration that would result. On the other 
hand, the bed of the river which is of a somewhat 
unstable character on the downstream side of the 
dam, if exposed to the full effect of a maximum flood, 


THROUGH GRAVITY DAM. SPILLWAY DAM AND BUTTRESSED DAM 


tion, fissuring, numerous faults, and clay pockets, 
are frequently met with. These conditions, as 
disclosed at El Kansera, were of a particularly 
disturbing character. As the work advanced it 
became clear that it would be necessary to increase 
the excavation in the rock, both laterally and 
vertically. The condition of the strata met with had 
also the important result of a change in the line of 
the dam so that its plan is oblique to the medial 
line of the gorge. These modifications made during 
construction account for the unusual length of time 
required for the building of the work—eight years. 
When the dam was first designed the estimated 
quantity of concrete required for its construction 
was 41,000 cubic metres, and that of the excavation 
was 71,000 cubic metres. Actually, the dam, as 
constructed, contains 190,000 cubic metres of rein- 
forced and mass concrete, of which 20,000 cubic 





would be liable to serious erosion. The invert floor 





metres are in the downstream part of the spillway, 
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FIG. 6—LONGITUDINAL SECTION THROUGH DAM 


was accordingly placed as low as +68:0 m. Thus a 
deep basin is created and provides a water cushion by 
which a large part of the energy of the flood water is 
absorbed. The design of the spillway was the subject 
of a long series of experiments on models to a scale 
of 1:55, and the form ultimately adopted is based 
mainly on the result of these experiments. The 
earlier experiments envisaged a spillway floor, 100 m. 
long, at level +60-0, but this solution was aban- 
doned as being too costly. An alternative plan, in 
which the counter dam was omitted, showed conclu- 
sively that high floods would bring about the erosion 
of the sides of the gorge immediately below the dam. 
In all, about 100 model experiments were made before 
the final decision as to design was arrived at. 


SraBILITy OF THE WoRK. 


Both the gravity dam and the spillway dam have 
been designed with sufficient weight and width to 
ensure that the reservoir being filled, the vertical 
pressures on the upstream wall are at least equal 
to the water pressure at the level considered. This 





strips of reinforced concrete formed in grooves in the 








condition has been insisted on because of the uncer- 


the guide walls, and apron. The volume of excava- 
tion has been increased to 400,000 cubic metres. 
In particular, it was necessary to excavate to a 
depth of about 50m. in the left bank of the gorge 
before rock of sufficiently good character to provide 
a satisfactory foundation was reached. The founda- 
tions of the dam were carried down to about the 
level +60-0m., which is some 20 m. below the bed 
of the river. The rock excavated was largely frag- 
mentary and contained numerous layers and pockets 
of soft clay. These conditions were especially marked 
in the foundations below zones 6 and 7, and recourse 
was had to the solution already described by which 
the pressure on the foundations is reduced to a 
minimum by the construction of a dam of buttress 
character. 


CEMENTATION OF FOUNDATIONS. 


The cementation of the rock foundations of the 
dam to ensure the water-tightness of the surrounding 
strata was carried out for the Administration by 
the principal contractors, whose names have already 
been mentioned, in conjunction with the Maison 
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Bachy, and involved an exceptionally large quantity 
of work. 
The programme comprised : 

(a) Consolidation of Foundations—The whole 
surface of the rock under the foundations, including 
the inclined rock surface downstream of the 
buttress dam, was drilled with holes in the pro- 
portion of one to every 5 square metres of rock 
surface. The holes were drilled from the surface 
of the first layer of concrete deposited in the founda- 
tions by pneumatic hammer drills and penetrated 
about 5m. into the rock. About 1000 of these 
holes were drilled, the cumulative length being 
4720 m., and all were injected to refusal with 
cement under pressure. 

(b) Water-tight Screen.—This is provided by a 
line of borings sited about 2 m. above the upstream 
face of the dam, the holes being spaced about 
2-5m. apart and for the most part diamond 
drilled. At the sides of the dam the water-tight 
screen is continued by borings spaced about 4m. 
apart on lines curving in towards the two sides 
of the gorge in an upstream direction. These 
lateral portions of the screen were in part drilled 
and injected from tunnel headings driven in the 
sides of the gorge. The screen borings, some of 
which were 120m. in depth, were injected to 
refusal with cement under high pressure, in some 


cases up to 40 kilos. per square centimetre, and’ 


exceptionally to 100 kilos. per square centimetre 
(1422 Ib. per square inch). Such high pressures 
as these were employed only in grouting the lower 
layers of rock, in some cases 120m. below the 
ground surface; the average pressure employed 
for all the grouting in the foundations was no more 
than 7 kilos. per square centimetre. The object 
of the cemented screen is to provide for the water- 
tightness of the fissured and much-fractured rock 
down to the level of underlying beds of impermeable 
marl. The total length of screen borings made 
is 20,500 m., the average depth being about 80 m., 
and the mean cement content of the holes about 
50 tons. 

(c) Final Cementation.—It had been intended 
that further borings and cementation should be 
undertaken, if necessary, after the reservoir 
had been filled to full capacity, with the object 
of perfecting the impervious screen. These borings 
and the injections were to be made from the 
upstream inspection gallery which passes through 
the dam at level +69-65. Examination made 
after the filling of the reservoir to level + 112-0 
in April of this year has shown that the cementation 
already performed has been very satisfactory, 
and that leakage is insignificant in amount. The 
final cementation has therefore been postponed 
and will only be made if and when it is required. 


More than 15,000,tons of cement have been injected 
up to the present into the foundations and screen 
borings. Twelve drainage borings have been made 
from the downstream inspection gallery of the dam 
at the level +69-65. These show the presence of 
a head of water of between 6 m. and 10 m., entirely 
independent of the level of the water in the reservoir. 
The bores yield a small amount of strongly mineralised 
water coming from the high land on the right bank. 
Vertical open pipes, ending in one of the vertical 
shafts of the dam, have been connected to these 
bore-holes to counteract the hydrostatic head and 
prevent leakage. The corresponding upward hydro- 
static pressure beneath the dam foundation is 
unimportant. This course has been adopted in 
preference to the grouting of the drainage borings 
as it will be practicable to control the upward pressure 
at any time in the future. 

The inspection gallery itself will be kept open 
temporarily, its filling with concrete depending on 
future developments and experience. Similarly, 
the drainage pipes can, if the necessity should arise, 
be sealed by the injection of cement. 


PLANT AND MATERIALS. 


The hard limestone required for the concrete was 
obtained from a quarry situated at level + 250-0 m. 
on the left bank of the gorge. The stone was broken, 
crushed, and screened in a plant erected on the side 
of the hill below the quarry. All the materials were 
weighed automatically on being drawn from the 
storage silos, which had @ total capacity of 1000 cubic 
metres, and were transported by a belt conveyor to 
the concrete mixers. 

Concrete was mixed with a sufficient quantity of 
water to permit of its being conveyed to and poured 
at the dam by shoots. These shoots were installed 
with a slope of approximately 42 per cent., and had 
a total length of about 500m. The supply shoots ter- 
minated at their lower end in a series of counter- 
balanced articulated shoots from which the concrete 
was poured in any required position in the work. A 
subsidiary concrete mixing installation on the right 
bank supplied the concrete required for a part of the 
structure. This had not been provided for in the 
original lay-out of the temporary works, because the 
volume of concrete included in the work as originally 
intended amounted to about one-quarter only of the 
total volume of the actual dam structure. The 
output of concrete from the two mixing plants 
reached 12,000 cubic metres per month. 

The compressed air plant required for rock drilling 











and cement injection had a total capacity of 600 h.p. 
The whole of the plant was electrically driven, the 
supply of current being obtained from an external 
source. An emergency plant consisting of Diesel 
motor generators of 600 h.p. was also provided on the 
works and recourse to this source-of supply was made 
on several occasions. 

The considerable personnel employed on the works 
made it necessary to provide special accommodation 
for the workers which ultimately developed into the 
small town of El Kansera on a site at the mouth of 
the gorge about 1 kilom. below the dam. 

CONCLUSION, 

It has already been mentioned that the contract 
for the construction of the dam was made in 1926. 
Between August in that year and 1928 the river 
diversion tunnel was under construction. As soon as 
this tunnel was available to take the normal flow of 
the river, the excavation of the foundations for the 
dam was begun. This work occupied the best part of 
three years, and it was not until 1931 that the con- 
creting of the dam began. The concrete work was 
substantially finished during 1933, at which date the 





programme of boring and cementation had also been 
completed. In the course of 1934 the hydro-electric 
station was completed as well as some of the sub. 
sidiary works of the dam itself. 

The concrete in the dam and its ancillary works is 
composed of broken limestone aggregate of a maxi- 
mum diameter of 70 mm. For remforced concrete of 
relatively small thickness, aggregate having a maxi- 
mum diameter of 25 mm. was used. The cement 
content of the concrete per cubic metre in the work 
was 300 kilos. of slow-hardening artificial Portland 
cement for a thickness of 5 m. above the foundations 
and for a thickness of 4 m. from the upstream face 
of the dam as well as for the whole of the zones con- 
structed with buttresses. The remainder of the con- 
crete in the dam, as well as that in the spillway and 
guide walls was made with 250 kilos. of cement per 
cubic metre. More than 1000 tons of steel reinforcing 
bars were used in the work. 

We are indebted to Monsieur R. Miche, of Les 
Entreprises de Grands Travaux Hydrauliques, for 
the information from which this description of the 
work has been prepared, and for the use of drawings 
and photographs. 








Power Station and 


Water Supply for 


Clairvivre Settlement, France. 


te the open country, 30 miles from the nearest towns 
of Périgueux and Brive, in a rocky, wooded and hilly 
district, the Fédération Nationale des Blessés du Poumon 
et des Chirurgicaux en France has created the Clairvivre 
village settlement for the treatment of ex-soldiers suffering 
from tuberculosis. The idea of constructing a garden 
city for war veterans suffering from tuberculosis where 
they could live together with their families and practise 
a profession, had already been realised in England at 
Papworth Village Settlement, largely on the initiative 
of Sir Pendrill Varrier Jones. The leading principle 
followed at Papworth was to free patients requiring 
treatment from the isolation of a sanatorium, by enabling 
them to live in their own homes in a community which 
they themselves administer, and where all the various 
services are worked by themselves aione and the only 
outside authority is the medical director. The same 
principle was adopted by the Fédération Nationale in 
drawing up the plans for the Clairvivre Settlement. 





at a station provided with bacterial beds, the eftluent 
being allowed to flow into a stream. 
ELEecTRICITY SUPPLY. 

It was found necessary to use electricity for lighting all 
the houses and the streets, for heating the houses and 
other buildings by radiators, for running the apparatus 
in the kitchens, school houses, hotel, hospital, and 
abattoir, and for producing hot water for the houses and 
the hotel kitchen. Electric power is also used at the 
printing works, garage, laundry, and abattoir. In the 
private houses, which are very widely distributed and 
require only small quantities of electric energy, electric 
heating was adopted because of the ease with which it 
can be distributed. Separate boilers, fired with coal or 
oil, would have entailed too much work in connection with 
handling the fuel supply, while a system of district heating 
by hot water or steam would have necessitated a dis- 
proportionate amount of piping in relation to the power to 

















“Tne Encinecen”* 


Swaim Sc. 


A.—Power station. F.—Garages. K.—Laundry. 
B.—Hotel. G,.— Open-air school for boys. L,—Abattoir. 
C.—General stores. +.—Open-air school for girls. M.—Park. 
D.—Hospital. H.—Theatre. N.—Sport grounds. 
E.—Dwelling-houses. I.—Printing works. O.—Tennis courts. 


GENERAL PLAN OF THE CLAIRVIVRE VILLAGE SETTLEMENT 


Following a plan drawn up by Dr. R. H. Hazemann, 
there have been built 180 houses, each with two apart- 
ments, a hotel for 200 unmarried persons—comprising @ 
large dining-room, café, meeting rooms, cinema, &c.— 
a central administrative building, a hospital with forty 
beds, and a general stores where the inhabitants can pro- 
cure everything they require, from foodstuffs to furniture. 
The management of the greater part of these services is 
in the hands of the patients themselves, or of members 
of their families. In addition to these buildings, there 
are also open-air schools and sport grounds, a theatre, 
a garage of 17,000 square foot floor area, an abattoir, 
a printing establishment, laundry and dye works, and two 
three-storey buildings containing apartments with 
kitchens, &c. A general plan of the village is reproduced 
herewith. 

Water for all these buildings is obtained from a pumping 
station situated about 5 miles away from the settlement 
in the valley of the Auvézére. The electric supply is 
generated in a power station equipped with seven oil- 
engine-driven sets. The sewage is collected and purified 





be conveyed. The only drawback to electric heating was 
the expense of generating the electricity, but this dis- 
advantage has been mitigated at Clairvivre by hapten: | 
a proportion of the heat from the exhaust of the oi 
engines. The large buildings, hotel, hospital, and general 
stores have a high demand for heat. They are grouped 
fairly close together, and in their case central heating by 
means of hot water has been adopted. The hot water 
for heating these buildings is supplied from the power 
station, the water being heated by the exhaust gases 
from the Sulzer oil engines driving the generators. 

The electric energy required for heating the separate 
dwelling-houses in the coldest weather has been calculated 
at 1500 kW, or 36,000 kWh per day. The energy required 
in winter for lighting the village and for the work in the 
kitchens, &c., varies between a few hundred kW to about 
2500 kW at the times of maximum peak load, with a 
daily consumption of about 24,000 kWh, thus bringing 
the total electric energy required in winter to 60,000 kWh 
per day. In order to generate this quantity of energy, 
seven Sulzer heavy-oil engines, direct coupled to Graur 








Seer. 6, 1935 


THE ENGINEER 





239 








alternators with a normal output of 635 kW and a 
maximum output of 700 kW, have been installed. By | boilers or from the auxiliary boiler, and a part of the water 
the division of the total power among seven units it is | at 55 deg. coming from the cylinder jackets of the engines, 





THE POWER House 


possible to adapt the number of engines in service to the 
power demanded at any moment, in such a way that the 
sets always work at very nearly their maximum efficiency, 
which is about 34 per cent. Each unit of energy is thus 
produced with the low fuel consumption of 0-51 lb. 
The maximum daily consumption of fuel in winter, for 
an output of 60,000 kWh, is about 30,400 Ib. 

The three large buildings are warmed by water heated 
by the exhaust gases from the engines in the following 
manner, the heat available from the engines being about 
66 per cent. of the calorific value of the fuel :—The 
jacket-cooling water carries away about 675 calories per 
horse-power-hour from each engine at full load, which gives 
a total of 540,000 calories per engine. The water passed 
through each engine amounts to 20 tons per hour and its 
temperature is raised by 27 deg. Cent. It is admitted at 
28 deg. Cent. and leaves at a maximum temperature of 
55 deg. Cent.; it is obtained at 28 deg. Cent. from the 
cooling plant mentioned below. The water at 55 deg. 
Cent., the maximum quantity of which in winter—for 
60,000 kWh—is about 2000 tons per day, flows into a 
tank of 45 tons capacity. The exhaust from the engines 
is passed through waste-heat boilers, of which there is 
one for each engine. These boilers are of the smoke-tube 
type, with 120 tubes 2-lin. to 2-4in. in diameter and 
6}it. long, giving a heating surface of about 430 square 
feet. Each boiler is designed to use about 200,000 calories 
per hour from an engine working at full load, and through 
it 7 tens of water are circulated per hour, entering at 
55 deg. Cent. and leaving at 85 deg. Cent. This water is 
obtained from the 45-ton tank already mentioned, and 
is circulated by two electrically driven pumps, each capable 
of delivering about 50 tons per hour against a total head 
of 60ft.; one of these pumps serves as a standby. The 
water passes through the boilers of the engines which are 
running, and is then led to a storage tank of 500 tons 
capacity. With the maximum output of 60,000 kWh 
per day, the quantity of water heated to 85 deg. Cent. 
is 700 tons per day. In addition, an auxiliary oil-fired 
boiler, working automatically and capable of giving 
350,000 calories per hour, operates in parallel with the 
waste-heat boilers, in such a way as to make good any 
deficiency between the waste heat available and the 
demand at the moment. A diagram of the general 
arrangement is given herewith. 





WASTE 


the central heating installation has been designed for 
a temperature fall of 30 deg. Cent.; it consequently 
requires only 55 tons of water per hour, or 1400 tons per 





day. This quantity is obtained by mixing 700 tons of 







































































“Tue Enoincen”’ 


A.—Hot water from oil engines. 

B.—Hot water tank, 55 deg. Cent. 

C.—Float control for starting pumps D. 

D.—Two pumps, each delivering 161 tons per hour. 
E.—Two pumps, each delivering 49 tons per hour. 
F.—Stop valve. 

G.—Equalising valve controlled by thermostat. 
H.—Non-return valve. 





Swain Se, 


I.—Waste heat boilers, heated by the exhaust from 
the oil engines. 
K.—Oi!-fired boiler. 
L.—Fans. 
M.—Storage tank, 500 tons of water. 
N.—Tower for cooling 210 tons of water per hour. 
O.—Tank with cooled water, 500 tons. 


DIAGRAM OF WASTE HEAT UTILISATION ARRANGEMENTS 





The water at 85 deg. Cent. coming from the waste-heat 


is used directly for heating the three large buildings after 
it has passed through a mixer to adjust the temperature. 
In order to use as much of the waste heat as possible 


water at 55 deg. Cent. with 700 tons at 85 deg. Cent.; 
the mixed water has consequently a temperature of 70 deg. 
Cent. when entering the heating plant, and 40 deg. Cent. 
when it returns, When the outside temperature is at the 
minimum, the total waste heat used for central heating 
is 40 million calories per day, i.c., 29 per cent. of the total 
heat of the fuel consumed. The efficiency with which 
the fuel is utilised therefore amounts to 34+ 29=63 per 
cent., which is claimed to be equivalent to the mean 
efficiency of an ordinary oil-fired boiler in industrial 
service. The combination of electric and hot-water heating 
not only gives the same economy of working as an oil- 
fired boiler alone, but is accompanied by the great advan- 
tage of permitting electric heating to be used for the 
small houses distributed throughout the village. - 

The heating water at a temperature of 70 deg. Cent. 
is delivered into the pipes of the large buildings by means 
of four Sulzer pumps. For winter use, two pumps are 
4 provided, one as a standby, each delivering 55 tons per 
hour, while for summer use there are two pumps, one also 
a standby, each delivering 15 tons per hour. The length 
of the longest circuit is about 1200 yards, the delivery 
pressure of the pumps is about 24 lb. per square inch, and 
the velocity of flow of the water varies between 200ft. 
and 400ft. per minute. As a consequence, the pipes can 
be kept small in diameter, and the losses of heat are there- 
fore reduced. The piping leaving the heating station 
is about 5in. in diameter. In all, there are about 6500 
yards of pipe in the installations, about 3000 yards of 
which are 0-4in. to 0-7in. in diameter. The pipes from 
the heating station to the hotel, and from there to the 
shops and the hospital, are placed in ducts measuring 
24in. by 20in. These pipes are insulated by means of 
cork protected by a layer of cement and bandaged. 

The return pipe of the heating system leads to a tank 
of 20 tons capacity situated in the heating station near 
the 45-ton tank containing water at 55 deg. Cent. The 
overflow from the 45-ton tank passes into this 20-ton 
tank, which thus receives about 1400 tons daily of water 
returned from the heating system at 40 deg. Cent., and 
about 600 tons of water at 55 deg. Cent., which has not 
been used either in the waste-heat boilers or in the mixing 
apparatus of the central heating plant. These 2000 tons 








HEAT BOILERS IN BASEMENT OF POWER HOUSE 


of water at 45 deg. are delivered by two sets of auto- 
matically starting, electrically driven pumps, one of 
which serves as a standby, into a cooler of the spray 
type, where the temperature of the water is brought down 
to a maximum of 28 deg. Cent. The cooler is situated 
about 40ft. above the level of the engines, so that the cooled 
water can flow by gravity into the cylinder jackets and 
from there to the 45-ton tank. The pressure at the sprayers 
of the cooler is about 10 1b. per square inch. The pumps 
delivering the water at 45 deg. Cent. to the cooler can 
raise 170 tons per hour against a head of 82ft. 

The heat carried away by the cooler is about 33 million 
calories per day, or about 24 per cent. of the total heat 
of the fuel consumed. The remaining 13 per cent. of the 
total heat in the fuel is represented in part by the heat 
carried away in the exhaust gases, which leave the waste- 
heat boilers at a temperature of about 150 deg. Cent., 
and in part by the heat radiated from the engines. 

The water at 70 deg. Cent. is used in the buildings 
not only for heating them, but also for the heaters of the 
hot-water supply system. The hot-water supply for the 
hotel is provided by six heaters, each of 350 gallons 
capacity, for the hospital in two similar heaters, and for 
the stores in one heater of 110 gallons capacity. These 
heaters are fitted with removable heating elements through 
which the hot water at 70 deg. Cent. is passed. The 
general stores are heated with hot air by means of two air 
heaters, which deliver the air into a system of vertical 
shafts. These shafts also accommodate the water pipes, 
drain pipes, and electric cables, so that no piping, &c., is 
exposed in the stores. 


Water SupPty. 


The problem of finding a suitable supply of water was 
investigated under the direction of Monsieur Louis 
Glangeaud, Professor of Geology at the University of 
Bordeaux. Four solutions were considered. 

Sinking Wells Within the Settlement, or in the Immediate 
Neighbourhood.—Because of the existence of granite 
strata, the sources of water are very scattered, and it 
would have been extremely difficult’ to find a suitable 





area within which pure water could be obtained. In 
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addition, during a period of drought, the quantity of water 
available would diminish considerably. 

Taking Water from “‘Uétang de la Forge.” —This pond 
is close to the settlement, and is supplied with water 
from a small stream having sufficient flow. This alternative 
was also rejected, because it would have been necessary 
to modify the pond so that it had a minimum depth of 
50ft., in order to ensure a supply of pure fresh water. 
This work would have necessitated the building of a fairly 
large and expensive dam. 

Obtaining Water from a Well in the Chalk About 10 Miles 
from the Settlement.—This third solution had to be 
abandoned because of difficulties in connection with land 
purchase, &c. . 

Obiaining Water from a Stream, U Auvézére, About 5 
Miles from Clairvivre—This last solution was adopted. 
A filter gallery was constructed in the alluvial soil along 
the stream. This gallery consists of two sections indepen- 
dent of each other, with adjustable overflows in order to 
avoid too great a speed of flow of the water into them. 
The gallery is composed of concrete tubes, and is of 
sufficient cross section to pass the quantity of water 
required. A protecting dam has also been constructed 
in order to prevent any raw water passing over the filter 
bed at times of flood. At low water the flow of the stream 
remains sufficient to ensure that the filter soil does not 
dry up. 

A pumping station, equipped with two sets of pumps, 
each consisting of a Sulzer high-lift centrifugal pump 
delivering 80 gallons per minute, and driven by a Sulzer 


heavy-oil engine, lifts the water collected at the end of 
the gallery from an altitude of 558ft. to an altitude of 
1200ft., the level of the reservoir. There is also a low-lift 
pumping set of high output—2640 gallons per minute— 
by means of which, in times of abnormal drought, the 
filter can be flooded artificially by- means of a trench 
about 15 yards distant from the filtering gallery and 
running parallel with it. This flooding ai ment 
involves taking water from the Auvézére at an additional 
point, where a settling tank is provided, from which the 
low-lift pump draws its supply. The pumping station 
also includes an automatic installation on the Bunau- 
Varilla system. Two reservoirs, each of 800 tons capacity, 
have been provided to prevent any loss of head at times 
when the demand for water is great. ‘They are con- 
structed of reinforced concrete, with two compartments 
in each, and are insulated by a covering of earth and 
grass. The pumps are connected to the reservoirs by 
means of steel pipe lines with oxy-acetylene welded joints. 

The distribution of water in the settlement is effected 
by means of pipes laid in such a way that if any trouble 
arises, however serious, it cannot affect more than a very 
small number of houses. Compensating reservoirs of 
reinforced concrete are provided with float valves for 
regulating the water pressure according to the altitudes. 
A large number of hydrants for fire-extinguishing and 
street-cleaning purposes have been installed. Each 
hydrant serves an area of about 35 yards radius. 

The water supply installation as constructed permits 
of an average consumption of more than 110 gallons of 





water per inhabitant per day. 








The Stability 


By J. 8. WILSON, F.C.G.L., 


(F\HE meaning of stability is not easy to define. In 

dynamics and mechanics we have stability of steady 
motion and stability of equilibrium, of position and of 
friction. To the civil engineer the word is usually applied 
to the power of a structure to withstand for an indefinite 
time all the loads and forces that may be brought to 
bear on it. In estimating the stability of a structure, 
the principal factors are the strength or resistance to 
rupture of the material and the balance or direction of 
the forces or loads brought to bear on it. 

To fix the directions of, and arrange for the balance 
of loads and forces, the conception of action along lines 
was introduced at an early stage. The position of such 
a line with respect to the boundary of a member offering 
resistance, governs the distribution and intensity of 
stresses in the material. Thus, if the line representing 
the centre of action of the load or thrust.is on the centre 
of the section of the member, the stress intensity would 
be the same throughout the section. If the line of action 
is off the centre, then the intensity is increased on the 
side towards which the line has moved. The maximum 
intensity of stress compared with the stress which will 
crush the particular material is a measure of the stability. 
If the resulting line of action is anywhere outside the 
boundary of the part, then the part would be without 
stability unless the ‘material of which it is composed 
were capable of withstanding tensile stresses. 


Stapmity OF ARCHES. 


Historically the problem of the masonry arch is 
extremely mteresting. The arch form of construction 
has been known for thousands of years, and several 
magnificent arehes built by the Romans are still in a very 
good state. Although the arch is a form of construction 
very generally used, their occasional failure in the past 
has kept alive a feeling of uncertainty, if not of mystery, 
as to their strength and stability. Real progress in the 
theory of the design and strength of the arch is compara- 
tively recent. Thus, in 1870, the late Professor W. C. 
Unwin, one of our greatest students of engineering con- 
struction, wrote : 

. it is but recently that a theory of the strength 
of arches has even seemed possible, and the theory 
has not yet been so far developed as to be applicable 
for practical purposes to the complex conditions of 
masonry bridges. Hence, in dealing with arched struc- 
tures, the engineer is compelled to proceed in a manner 
not rigidly scientific. He adopts assumptions not in 
strict agreement with the nature of the materials he 
is using, if only such assumptions permit him to form 
a theory embracing the most essential circumstances 
of the problem, and if any error so introduced either 
favours the resistance of the structure, or is capable 
of elimination by comparison of the results of the 
theory with existing and successful structures of the 
same kind. In fact, he is often content, so to speak, 
with formule of interpolation, or formule which 
permit him to determine from known structures or 
given dimensions the proper proportions of other 
structures of different dimensions.” 


In a masonry arch the line of thrust might occupy 
one of a variety of positions any of which would satisfy 
the requirements of equilibrium. For the purposes of 
design or estimating stability, some particular line must 
be chosen, and this can only be done by making assump- 
tions, the validity of which must have regard to the 
method of construction and the probable conditions of 
stress in the masonry. One of the assumptions referred 
to by Unwin relates to the position of the line of thrust 
at the crown or springings. Since Unwin wrote, one of the 
advances made has been the introduction of definite 
hinges, at the crown or at the springing level, or at both 
places, to ensure the line of thrust passing through those 
points. These hinges render the problem of strength 
and stability much more definite, but with respect to 
arches without hinges the position is still very like that 
described by Unwin, although much has been done by 
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comparing and analysing existing structures, and many 
“ formule of interpolation ” have been proposed. 

Up to the first half of the nineteenth century, knowledge 
of the strengths and characteristics of materials and of 
the branch of engineering science now known as “ applied 
mechanics,” was not sufficient to establish or disprove 
the accuracy of various theories relating to the design 
or stability of a masonry arch then in vogue or from time 
to time propounded; efforts to make in the 
problem depended almost as much on dialectics as on 
mechanical principles. 

An interesting incident occurred at the time the bridge 
across the Thames at Blackfriars was proposed in 1759. 
Of the competing designs the one by the architect Mylne 
for a bridge with elliptical arches was chosen, although 
at that time only one bridge with elliptical arches existed— 
Ammanutis’ bridgé in Florence. A design for a bridge 
with semi-circular arches was submitted by Gwyn, an 
equally well-known architect. Some persons objected 
to the elliptical arches, and even Dr. Johnson expressed 
himself on the stability of the two forms of arch. Boswell 
records that ‘‘ Johnson’s regard for his friend Mr. Gwyn 
induced him to engage in a controversy against Mr. 
Mylne, and after being at considerable pains to study 
the subject he wrote three several letters in the Gazetteer 
in opposition to his plan.” Johnson’s letters appeared 
in the Gazetteer for December Ist, 8th, and 15th, 1759, from 
which the following extracts are given :— 


“Those who are acquainted with the mathematical 
principles of architecture are not many; and yet 
fewer are they who will, upon any single occasion, 
endure any laborious stretch of thought or harass their 
minds with unaccustomed investigations. We shall 
therefore attempt to show the weaknesses of the 
elliptical arch, by arguments which appeal simply to 
common reason, and which will yet stand the test of 
geometrical examination. Any weight laid upon the 
top of an arch has a tendency to force that top into 
the vacuity below; and the arch thus loaded on the 
top stands only because the stones that form it, being 
wider in the upper than in the lower parts, that part 
that fills a wider space cannot fall through a space 
less wide ; but the force which laid upon a flat would 
press directly downwards, is dispersed each way in a 
lateral direction, as the parts of a beam are pushed 
out to the right and left by a wedge driven between 
them. In proportion as the stones are wider at the 
top than at the bottom, they can less easily be forced 
downwards, and as their lateral surfaces tend more 
from the centre to each side, to so much more is the 
pressure directed laterally towards the piers, and so 
much less perpendicularly towards the vacuity. 

“Upon this plain principle the semi-circular arch 
may be demonstrated to excel in strength the elliptical 
arch, which, approaching nearer to a straight line, 
must be constructed with stones whose diminution down- 
wards is very little, and of which the pressure is almost 
perpendicular. It has yet been sometimes asserted by 
hardy ignorance, that the elliptical arch is stronger 
than the semi-circular; or, in other terms, that any 
mass is more strongly supported the less it rests upon 
the supporters. If the elliptical arch be equally strong 
with the semi-circular, that is, if an arch, by approach- 
ing to a straight line, loses none of its stability, it will 
follow that all arcuation is useless, and that the bridge 
may at last, without any inconvenience, consist of 
stones laid in straight lines from pillar to pillar. But 
if a straight line will bear no weight, which is evident 
at the first view, it is plain likewise that an ellipsis will 
bear very little; and that as the arch is more curved 
its strength is increased. Having thus evinced the 
superior strength of the semi-circular arch, we have 
sufficiently proved that it ought to be preferred. .. .” 


Johnson goes on to state that “‘ the elliptical arch must 
always want elevation and dignity,” and that the only 
bridge of the elliptical kind has ‘“‘ stood two hundred years 
without imitation.”’ 

A correspondent of the journal maintained that although 
an elliptical arch may not be as strong as a semi-circular 





one, “ the semi-ellipsis may yet have strength sufficient 





for the purposes of commerce ”’ ; also “ that the convexity 
of the semi-ellipsis may be increased at will to any degree.” 
In the third letter Johnson points out that the advocate 
of the elliptical arch does not promise that “ it will stand 
without cramps of iron and melted lead and large stones 
and a very thick arch,”’ and recommends all ‘“‘ those who 
may still doubt which of the two arches is the stronger to 
press an egg first on the ends, and then upon the sides.” 

Contemporary writers disclosed the fact that John- 
son consulted Mr. Simpson and Mr. Miiller, both professors 
at Woolwich Academy. Neither favoured the semi- 
circular arch in preference to the elliptical, and he then 

ured “from a person eminently skilled in mathe- 
matics and the principles of architecture, answers to a 
string of questions drawn up by himself, touching the 
comparative strength of semi-circular and elliptical 
arches,” 

Throughout a long period in the eighteenth and nine- 
teenth centuries mathematicians and others applied them- 
selves to finding the exact form of the line of thrust that 
would ensure equilibrium in a mass of masonry bridging 
a void. The upper boundary of the mass was a horizontal 
surface representing the road surface and the lower one 
the intrados of the arch, shaped to conform to the line 
sought. The effect of hollow spaces over the haunches 
was investigated also. The influence of a moving load was 
regarded as negligible in comparison with the weight of 
the masonry or could be allowed for by adding an extra 
layer of masonry over the upper surface. 

The shape of this arch of equilibrium was compared 
in great detail with those of the ellipse, cycloid, parabola, 
catenery, and semi-circle or segment of a circle. Different 
writers strongly advocated one or other of these curves 
as being the true curve for an arch. The elaboration with 
which this was done seems remarkable, for many must 
have known that to build an arch to conform to a particular 
curve with the exactitude suggested is practically im- 
possible. When the centering on which an arch is built is 
removed and the arch supports itself, the compression of 
the mortar in the joints and of the voissoir stones, allows 
the arch to drop an amount which is quite sufficient to 
alter the shape appreciably ; thus, the arches of Perronet’s 
famous bridge at Neuilly dropped on decentering enough 
to alter the radius curvature at the crown from 150ft. 
to 244ft., and if intended to be elliptical, it might have 
conformed actually more closely to a cycloid. 

Differences of opinion on the correct proportions of 
arches were very sharp. Two writers of ability and 
experience at the beginning of the last century disagreed 
on important principles of design. Samuel Ware, Pro- 
fessor at Woolwich, in a pamphlet published in 1822 
maintained that the thickness of an arch at the crown 
should be proportional to the radius of curvature. In 
opposition to this, John Seaward in an equally learned 
paper on the subject, published in 1824, argued that Ware 
was entirely wrong, and that the span should be the 
governing factor. 

Such contradictory statements made by those who set 
out to be authorities on the subject were of little help 
to engineers or architects who had to take the respon- 
sibility for the actual building of an arch. The effect of 
the conflicting ideas can be illustrated by reference to 
Blackfriars Bridge in Norwich. It is the first of the only 
two bridges known to have been designed and built by 
Sir John Soane, the architect of the Bank of England. It 
is a single arch bridge and was built in 1783. The con- 
tractor was John de Carle, stonemason, of Norwich. Sir 
John Soane’s specification describing the method to be 
adopted in constructing the bridge is preserved. Although 
the Portland stone arch is of ample proportions, the 
architect appears to have had little confidence in the simple 
arch principle, and he required the masonry of the bridge 
to be cramped and fastened together with iron in every 
possible way, so as to eliminate all possible risks of failure. 

Some years ago I inspected and reported on this bridge. 
[ found it in very good condition. There was little, if any, 
evidence of the cramps. It was to be expected that their 
corrosion would have burst pieces off the masonry, but 
in this instance the iron must have been very effectively 
protected from moisture or the architect may have finally 
decided to leave much of it out. It certainly could not 
have added appreciably to the stability. Many fine 
buildings have suffered badly from the corrosion of iron 
cramps. For many years architects and builders of the 
past were extraordinarily lavish in their use of cramps. 
They put them in piain ashlar walls and places where they 
could have had no beneficial effect. The obsession for 
cramps in masonry is very like the present tendency to 
embed steel in all concrete. Concrete properly reinforced 
is an admirable material for construction, but large masses 
of concrete frequently have steel wire and rods laid in 
them, the proportion of the steel being so entirely inade- 
quate in comparison with the concrete that its addition 
suggests a magical rather than a mechanical influence. 

For the longest spans, reinforced concrete has now 
superseded masonry ; but fine masonry arches of 300ft. 
span have been built. The construction of spans of 
increasing length has been made possible by improved 
technique in building. To avoid high stresses arising at 
the springing and key stone, as a result of the settlement 
or elastic deformation of the centering, as weight is added 
during building, and as a consequence of the initial defor- 
mation of the arch itself when the centering is removed, 
gaps are left in the arch, and special forms of construction 
are now introduced to act as temporary hinges, so that 
when the bridge is completed and the gaps filled in, the 
position of the line of thrust is fairly definitely known. — 

To economise in the quantity of masonry and make it 
possible to use higher compressive stresses, arch bridges 
are now made with ribs of a width comparable with the 
depth of the arch, instead of the arch being made con- 
tinuous for the whole width of the bridge. 

In reinforced concrete arches either permanent hinges 
of steel are introduced or else all the reimforcing bars are 
drawn together at the critical points to form a temporary 
hinge, and the surrounding concrete is filled in only on 
completion. 

Reinforced concrete arches with spans as great as 590ft. 
have been constructed. 

Stapriiry or Dams. 


The stability of a masonry dam is a problem that has 
exercised the minds of engineers and mathematicians for 
many years. The failure of the Bouzey dam in France 
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in 1895 gave prominence to the problem. The Bouzey 
dam was straight with a length of 1720ft., and the water 
held up had a maximum depth of about 40ft. When the 
dam failed, the upper 30ft. or 35ft. of its height for a 
length of 560ft. was swept away, and the flood, passing 
down the valley, caused great havoc, and eighty-six 
people lost their lives. 

Investigations after the disaster revealed many points 
of interest. In the original design the maximum pressure 
on the masonry was the only factor considered in calculat- 
ing its proportions. In the course of the investigations 
after the disaster_it was shown that the resultant of the 
thrust combined with the weight of the masonry was so 
placed that a tensile stress of 1-3 tons per square foot 
must have been imposed on the masonry. Laboratory 
tests proved that the maximum tensile strength of the 
masonry was only 60 per cent. higher. In opposition to 
the theory that the parts that failed had overturned by 
virtue of this weakness, it was held by some that failure 
was by shearing. The shearing stress being calculated as 
1-32 tons per square foot by some, and as 3-2 tons per 
square foot by others. 

Rankine in 1871 had recommended that no horizontal 
joint in a dam should be expected to withstand any tensile 
stress; in other words, there should be no uplifting 
tendency. After the Bouzey disaster, it was considered 
advisable that at the upstream face there must always be 
a definite compressive stress, and the French Government 
introduced the regulation that on horizontal joints there 
should be a vertical compressive stress at the water face 
equal to not less than the water pressure at the joint. 
Such compression in the masonry would tend to prevent 
access of water to any joint or crack. 

The late Sir Benjamin Baker in 1904-5 at the time when 
I was his chief assistant, was faced with the problem of 
raising the Aswan Dam. (At present the dam is being 
raised a second time.) The investigations after the 
disaster in France had shaken confidence in the accepted 
method of gauging the stability of a dam, and in 1904 
a memoir was published entitled ‘Some Disregarded 


Points in the Stability of Masonry Dams,” by Professor | rods 


Karl Pearson and Mr. Atcherley. By mathematical 
investigation the authors concluded that although a dam 
might satisfy the usual conditions regarding the stresses 
on horizontal planes, it might still be subjected to danger- 
ous tensile stresses on vertical planes in the vicinity of 
the downstream toe. That conclusion seemed most 
unlikely to engineers interested in the subject, but, how- 
ever incredible it might seem, it demanded attention as 
coming from so eminent a mathematician. In arriving 
at their results, the authors of the memoir based their 
calculations on an assumed law governing the distribution 
of shearing stress across the base. The unsatisfactory 
state of affairs could only be cleared up by determining 
the distribution of shear and other stresses. 

Jointly with my friend the late William Gore, I made 
an attempt to do this, and we embarked on a series of 
elaborate experiments with india-rubber models. The 
models were made of slabs of rubber, lin. thick, with a 
smooth white surface, and shaped to represent the trans- 
verse section of a dam. The model was strained by 
weights carefully adjusted to represent the water pressure 
against the face and the weight of the masonry, on the 
assumption that the masonry had a specific gravity of 2-25. 
The model was divided into sections and the ‘ masonry 
weights ’’ were hung on transverse pins put through the 
rubber. Plates pulled by cords against the water face 
represented the water pressure. To ensure the exact 
relative positions of the loads, the model was so shaped 
that when fully strained it had the correct profile. A net- 
work of lines was ruled on the rubber, and large-sized 
photographs on plate-glass were taken under the strained 
and unstrained conditions. Corresponding lengths on the 
two negatives could be measured accurately, and from 
them the strains and stresses were calculated. The 
intensity of shear at various points was measured by com- 
paring angles on the two plates. Our investigations 
enabled us to plot curves of stress distribution on section 
lines at various heights. The curves were of quite different 
shape. We found no evidence of the reputed tensile stress 
at the downstream toe. The shear stress diagram was 
practically a triangle, with the maximum at the down- 
stream edge, and the vertical stress distribution agreed 
substantially with the “ trapezium law.” 

These experiments helped materially to clear up the 
situation and to re-establish confidence in the method that 
had been in general use for estimating the stability of 
masonry dams. 

During the last few years investigations, both experi- 
mental and mathematical, of problems relating to the 
design of large concrete dams and curved dams, have been 
made in the United States. The influence of heat, both 
natural and that generated by the setting of cement, on 
stresses and stability, has received much attention. In 
these gigantic structures, monolithic construction and the 
use of too large masses of concrete has been found account- 
able for serious cracking. In discussions on these pro- 
blems, the investigations I made with Gore have been 
referred to as “‘ the English Tests.”’ 


SUSPENSION BRIDGES. 

The suspension bridge, or “ philosopher’s bridge,” as 
it has been called, is a fascinating type of structure. In 
the course of the development of its design and stability 
there have been some astonishing occurrences. In its most 
elementary form the suspension bridge formed of strong 
flexible climbing trees or roots has been used by primitive 
peoples for centuries. Examples made of wrought iron 
appear to have been in existence in the eighteenth century. 
Samuel Brown, who was granted a patent in 1817, designed 
and constructed some of the earliest in this country. His 
main suspension chains were made of long open welded 
links or long plate links connected together with round 
bars and shorter plate links. The chains, which were 
made up with several links side by side, connected with 
common hinge pins, were of uniform strength throughout 
their length, and the road or platform was suspended by 
vertical rods from the short links. In addition to the 
main chains, Brown put chains at the platform level to 
prevent undulation. Within its limitations, it was a 
satisfactory form of construction. In a bridge which 
carries a series of loads on a flexible chain, the loads and 
the chains are only in equilibrium when the chain assumes 


weight or rearrangement of weights the chain changes its 
shape slightly. With a moving load the tendency. of the 
platform of a suspension bridge to undulate with the 
passage of the load has handicapped the development of 
this type of bridge. An early attempt to use it for a railway 
proved a complete failure. 

Telford’s famous bridge across the Menai Straits, with 
a span of 570ft., completed in 1826, is of the simple sus- 
pension type. At first the platform was too flexible and 
caused anxiety, but that part was altered and made stiffer. 
The bridge is still in service, and is standing proof that 
in principle and construction it was sound. A few years 
later @ stage in the quest for stability in suspension 
bridges reflects in a remarkable degree the ignorance in 
the mechanics of design of some engineers of those days. 
The wrong ideas of these men led to the suspension bridge 
being regarded with suspicion for many years. 

A supposed improvement was introduced in 1836 by a 
Mr. James Dredge, with the object of reducing the amount 
of iron required, and it was claimed also that his bridge 
was stronger and less flexible. Claims for the improve- 
ment were demonstrated with models (which could not 
have been exactly representative) and the soundness of 
the construction was vouched for by those who were 
sup) to have expert knowledge, while the excellence 
of the scheme for building bridges according to the new 
principle was pressed by several eminent persons. After 
a large number of bridges had been built in this country 
and in India, all confidence in the type, and indeed in 
suspension bridges generally, was severely shaken when 
a large bridge of Dredge’s improved type collapsed under 
its own weight when on the point of completion and a 
second one failed to carry its test load, and collapsed later. 

Dredge conceived the notion that instead of carrying 
all the component links of the chain the whole length 
between the supporting towers and hanging the platform 
on vertical suspension rods, the links or components 
of the chain could be deflected down in a diagonal direction 
at successive intervals, and made to terminate at their 
connections to the platform and so displace the suspension 
Thus in a bridge with eleven bays and ten cross 
girders, starting at the tower with six links in the chain 
at each side, the two outer links would be carried down 
diagonally from the tower to the first cross girder, leaving 
ten links (five on each side). Then from a point over 
the first cross girder the outer two links would pass 
diagonally to the second cross girder, and so on for the 
five bays, leaving only two links at the centre of the bridge. 
The scheme converted the bridge virtually into two 
cantilevers or brackets projecting from the towers towards 
the centre. The saving of iron was enormous, and appealed 
so strongly to those who advocated the new principle 
that exaggerated statements, in perfectly good faith, 
were made. Though fundamentally wrong, any criticism 
that may have been made was rendered ineffectual by 
the weight of the approving authority and by the difficulty 
experienced at the time with the Menai bridge. 

Dredge’s first bridge was built in 1836 across the Avon 
at Bath; it had a span of 150ft., and it and others which 
followed must have had a slight margin of stability, more 
by accident than design, through their timber platforms 
being sufficiently stiff to withstand the compression. 
Dredge attended the Newcastle meeting of the British 
Association in 1838, and read a paper on his bridges and 
‘* Mathematical Principle’’ to the Mechanical Section. 
He had such confidence in his designs that he made 
the most preposterous statements. For instance, he told 
his audience that whereas the main chains of Telford’s 
Menai suspension bridge had a sectional area of 260 square 
inch and a total weight of 1900 tons, under his “‘ Mathe- 
matical Principle’ 30 square inches of sectional area and 
a weight of 70 tons would have been sufficient. 

Dredge made good use of all the praise and influential 
support he received. In proof of his principle and claims 
he published elaborate calculations, and it is remarkable 
that his principle and calculations appear to have been 
approved by several who were considered to be experts 
and whose opinions carried weight. The Surveyor, Engi- 
neer and Architect denounced criticism as a striking 
example of professional prejudice, congratulated Mr. 
Dredge on his two bridges in Regent’s Park, and announced 
that three additional bridges had been ordered by the 
Commissioners of Woods. At least twenty-seven bridges 
were built, including five in Regent’s Park, London, four 
in Wiltshire, and a number in India. 

The failures began in India. A bridge of 200ft. span 
collapsed before it was completed, and another one failed 
to carry its proof load and collapsed also. A paper 
published in 1849, in which the failure of these bridges 
is referred to, states that seven bridges in India had had 
to be remodelled by engineers there on an ‘‘ improved 
principle.” The description of the alterations suggests 
little improvement on Dredge’s design. 

I have not been able to follow the later history of these 
bridges, but I believe that no single example exists. 

Several suspension bridges, built before any of Dredge’s, 
are still in use. In all these the chains are of uniform 
strength throughout, and the whole weight of the bridge 
is suspended from them. 

The flexibility of these bridges under heavy moving 
loads is a source of trouble, and of wear and tear of the 
platforms. Nevertheless, when the chains are pulled 
by the loads into a line of equilibrium, so long as the 
anchorages are secure and the towers are sound, the 
stability depends solely on the tensile strength of the 
chain, and under these conditions almost all suspension 
bridges have a substantial margin of strength or stability. 
If overloaded, long before rupture of the chains could 
occur, the excessive sagging or deformation of the plat- 
form would act as @ warning. Where the ultimate strength 
depended mainly on the resistance to compression of 
the platform, as in Dredge’s bridge and others built about 
the same time, the failure by the buckling of the platform 
would be sudden and disastrous. The failure of ’s 
bridges, in spite of the confidence with which they were 
recommended, created a strong prejudice inst suspen- 
sion bridges of all kinds and retarded their development, 
One of the early suspension bridges’ still in use is that 
across the Thames at Marlow, built by W. Tierney Clark, 
F.R.S., in 1829. I examined and reported on this bridge 
some years ago and found it in a remarkably good state. 
In the development of the stability of suspension bridges 
this one is of particular interest, for it was the first built 


in this bridge are all stiffly connected by parapets made 
in the form of girders, and any cross girders on which a 
heavy load might rest cannot deflect the suspension chain, 
as it would do if the parapet girders were not there. 

In the modern suspension bridge the stiffening girder 
is as important a feature as the chain or cable, and its 
introduction has made it possible to construct the gigantic 


bridges in the United States. The interaction of the 
stiffness or flexibility of the girder with the curvature 
of the suspension cable, is the governing factor in the 
stability of the modern suspension bridge. It is a problem 
of considerable complexity and the calculations are 
laborious. 

It would be difficult to find more striking evidence of 
the advances made in the hundred years the British 
Association has been doing its work advancing science, 
than is provided by the comparison of great suspension 
bridges of to-day with the early ones I have referred to. 
The latest example with its span of 3400ft. and others of 
more than 1500ft. compare with Telford’s of 570ft. and 
the others of 50ft. to 200ft. Cables composed of thousands 
of steel wires, four times as strong as iron, laid side by 
side to form cables 3ft. in diameter, take the place of the 
iron chains, and the flexible timber platform, so easily 
deformed by moderate moving loads, is now replaced 
by deep steel stiffening girders with upper and lower 
decks, providing double tracks for both electric railways 
and street trams, and road width for many cars. Instead 
of the stability of the structure being a matter of dispute, 
and of the gxtraordinary uncertainty I have tried to 
describe, the stability is now determined and gauged by 
calculation, some of which is very elaborate; but it is 
based on applied mechanics. 








American Engineering News. 
Cellular Steel Breakwater. 


InsTEAD of the massive masonry or rock con- 
struction usually adopted for breakwaters exposed to 
heavy wave action, the new breakwater extension at the 
Calumet Harbour, on Lake Michigan, U.S.A., is composed 
of steel cells about 41ft. by 45ft. im plan, standing in 24ft. 
of water, and filled with loose stone. ‘The end cells are 
circular, of 25ft. radius, except that the side adjoining the 
next cell is concave, with a radius of 38ft. 9in. In all the 
other cells each side is convex, with a radius of 38ft. 9in. 
Interlocking steel piles were driven to form the cells, with 
specially welded piles of Y section at the intersections of 
the walls. They are about 46ft. long, with 6ft. penetration 
in a hard clay formation which underlies the sand bottom, 
while their tops are 6ft. above low-water level. The piles 
were specified to have a strength in tension of 12,000 lb. 
per inch of length in the interlocked joints, or 10,000 Ib. for 
the special Y piles. The distance between centres of joints 
is 16in., the piles being of trough section. The steel had a 
copper content of 0-265 per cent., for resistance to corro- 
sion; while its ultimate tensile strength was 81,300 Ib., and 
the joints were tested to an ultimate strength of 17,000 Ib. 
per inch. Templets were used for accurate driving, and as 
soon as a cell was completed it was filled with quarry-run 
stone to within about 8ft. of the top. This filling was 
levelled and then covered with 2ft. of stones weighing 
100 Ib. to 500 Ib. each ; this in turn was covered with cap 
stones of 7 to 20 tons each, with their tops practically level 
with the top of the piling. For additional security and 
prevention of scour, heavy rock was deposited along each 
side of the breakwater to a height of 12ft., with a slope 
of 1 in 2 to the lake bottom. Placing the stone filling by 
grab buckets proved too slow, and self-unloading steamers 
were used, bringing in cargoes of about 12,000 tons and 
delivering the stone by conveyor booms 200ft. long at the 
rate of.about 2200 tons per hour. Heavy waves tended 
to cause motion of the piles until the stone filling was 
some 12ft. deep, but this movement was restricted by 
welding the pile joints for 2ft. from the top. 


American Rolling Stock Developments. 


While standardisation in box car—or covered 
wagon—design and light-weight construction of freight 
cars are being studied by the Mechanical Division of the 
Association of American Railways, a great number of 
minor but important matters are under consideration. 
Tests are being made of several forms of automatic coup- 
lings for brake pipes, but such devices must be applicable 
with present forms of automatic couplings and draught 
gears. Progress is somewhat slow, owing to the many 
difficulties in service operation. Reduction in weight of 
cast steel bogie frames by 575 Ib. to 1100 Ib. per bogie is 
being effected by the use of high-tensile manganese- 
vanadium steel, with 0-30 carbon, 0-10 vanadium, and 
1-65 manganese. The tensile strength is 90,000 Ib.; 
yield point, 60,000 Ib.; and. the elongation 22 per cent. in 
2in., with 45 per cent. reduction in area. Malleable iron 
fittings for freight cars are said to have advantages in 
lighter weight and greater ease of machining than cast 
steel, forged steel, or grey iron castings. Such metal is 
now available with 55,000 Ib. ultimate strength, 35,000 Ib. 
yield point, and 18 per cent. elongation m 2in.: It can be 
produced in intricate designs with jin. thickness and so 
smooth and true to pattern that it can be applied to rolled 
or finished shapes without finishing or grinding. _ Trials 
are being made of the interchangeability or intercoupling 
of different makes of automatic couplers for freight cars. 
In general the results have been satisfactory, but in some 
cases the manufacturers have been notified that their 
couplers do not conform to the required contour of the 
contact surfaces. Improved manufacture of wrought 
steel wheels is being developed to avoid the formation of 
thermal cracks on the treads. The makers have argued 
that this defect is caused by the action of the brakes, but 
the engineers say it would be less likely to occur if the 
wheels were given heat treatment to relieve internal stresses 
set up by the forging . Another line of work is the 
improvement of the characteristics of bogie springs by the 
use of special devices, such as friction springs and stabi- 
lisers. New designs of helical springs are also being 
tested. The use of new alloy steels ‘to reduce the weight 
of cars may lead to the replacement of older, heavier, and 
less efficient rolling stock equipment. 








an appropriate shape, and to support any additional 


with stiffening girders. The ends of the cross girders 
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New Motor Passenger Cruisers for Venice. 


ae 


\ E illustrate herewith one of four new motor passenger 
eruisers, which have recently been completed by the 
Breda Cantiere, Navale, Venezia, for the San Marco—Lido 
service of the Azienda per la Navigazione interna Lagunare 
Venice. These four ships are named the “ Aquileia,” 
“ Altino,” “ Concordia,” and ‘* Eraclea ”’ respectively, and 
recall the four principal Roman towns which were destroyed 
by Atilla and gave origin to Venice. The new boats were 
commissioned on July Ist last, and have since been in 
continuous service. 
The principal hull dimensions and machinery par- 
ticulars are given in the following table :— 


Length overall Ree Tat 40 m. 
Cs ie ee ena. mies patrket oak cen 
Depth to first deck > 28m 
Loaded draught 1-85 m 
Number of passengers . . 808 
Maximum speed 12-9 knots 
Service speed 10-5 knots 
Type of engine Fiat 
Number of eylinders Six 
Maximum power .. 525 b.h.p. 
Service power WA 280 b.h.p. 


Designed running speed ®320 r.p.m. 

A side bow view of the ‘* Altino ’ is reproduced here- 
with, and in the accompanying drawing we show a profile 
of the vessel. The structure of the hull is built almost 
entirely of welded steel, riveting being employed, with the 
aim of facilitating easy replacement, for the hull plating 
alone. The main framing, floor beams, water-tight bulk- 
heads, and engine foundations are entirely of fabricated 
construction. A view of the lower promenade deck, 
reproduced herewith, shows clearly some of the deck 
supports, while the*general structure of the after part of 
the hull and the arrangement of the balanced rudder, 
the shaft supports, and the propeller will be seen from our 
fourth engraving. The lay-out of the passenger accom- 
modation is shown in the drawing reproduced below. 
Forward on the topmost deck is the navigating bridge, 
with the navigating instruments, searchlight, and syren 
controls conveniently arranged. On the upper promenade 
deck there is a veranda café and bar forward, while on the 
lower promenade deck comfortable deck accommodation 
is provided, and there is a saloon forward with glass 
windows. Two flights of stairs connect the upper and 
lower decks, and there are two saloons on the lowest deck, 
which are arranged forward and aft of the engine 
room, along with the crews’ quarters and store rooms. 
The engine room runs the full breadth of the hull, 
and contains, besides the main propelling motor, the 
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air slots to prevent the blowing down of the funnel gases. 
The main engine is a Fiat six-cylinder unit, with a 
designed maximum output of about 525 b.h.p. at 320 





at the shipyard and at the National Experimental Tank 
at Rome. 

The fuel consumption worked out at 48 kilos., or 
105-8 lb., of oil fuel per hour, a figure which shows a 
saving of 6 kilos., or about 13-22 lb., over the consump- 
tion guaranteed. 

The decoration of the rooms was carried out in accord- 
ance with designs prepared by Professor Torre, a Venetian 
architect. Before delivery the cruisers underwent severe 
acceptance tests. They showed the good stability of the 
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r.p.m. 
on trial. The normal service speed of the cruisers is about 








At this rating a speed of 12-9 knots was attained 
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boats and their easy manceuvring, which permits of quick 
landing operations in the narrow waters of the lagoon. 


10 knots, and in the course of the official trials a speed of | The safety equipment includes up-to-date fire protection 
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LONGITUDINAL SECTION THROUGH VENETIAN CRUISERS 


usual starting air compressors, oil engine 
generator sets, service pumps and air storage vessels. 





LOWER PROMENADE DECK 


driven 


The | at the propeller shaft. 


10-5 knots was obtained with an output of 280 b.h.p. 
These satisfactory results con- 


engine exhausts are led to a single funnel, provided with | firmed the trials made with different hull models, both 





and other equipment, while the design is such that 
there is no danger of an undue list should a large 
number of passengers assemble at one time on one side. 
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Rail and Road. 


THERE was another collision between a passenger train 
and a road motor vehicle at a level crossing on August 

27th. The scene was near Dalnaspidal, on the former High- 
land Railway. No one was injured, but the car was 
wrecked and the engine of the train was derailed. The 
driver of the car escaped with his life, as he was opening 
the gates. As it is said that they opened outwards it 
appears that the mishap.occurred at an occupation crossing. 


Tue “ Wellington ” and “New” stations in Leeds are side 
by side, but are in different ownership. The former used 
to belong to the Midland and the latter to the North- 
Eastern and London and North-Western jointly ; now the 
one is held by the L.M.8. and the other is L.N.E. and 
L.M.S. jointly. In connection with the resignalling of the 
‘* New ” station the platforms in both stations are to be 
renumbered as though they were in one station—just as 
the former L.B. and 8.C. and 8.E. and C. stations at Vic- 
toria and London Bridge have been renumbered. 


Wurst the Kildwick collision of August 28th, 1875, 
was the only serious accident of that year, it had followed 
on three disasters in 1874, in which sixteen, twenty-one, 
and thirty-four passengers respectively were killed. That 


public opinion was consequently somewhat disturbed was | P 


suggested by the following remarks in a leader in The 
Times of August 31st, 1875: ‘‘ People take their pleasures 
recklessly and railways fill their treasuries; but for the 
pleasure and profit alike a heavy price has to be paid in 
human life. We are so accustomed to the exactions of this 
price that we bow to it as if it were a law of Nature; yet 
nothing is he — than that it ‘Age be almost 
wholly abolished if railway passenger traffic were managed 
carefully and intelligently,’ 

Durine the three months ended on December 3lst, 
1934, the assistant inspecting officers of railways held 
37 inquiries into the more serious accidents to railway 
servants, of which 20 inquiries related to fatal accidents, 


As in one accident three men were killed, the fatalities by 300 


covered 22 men. Six fatal accidents, covering eight men, 
related to men in the permanent way department, whilst 
two were signal linesmen—both in the service of the 
London Passenger Transport Board. Eight of the fatalities 
were ascribed to misadventure, eight to want of care, one 
to want of care by a fellow servant, one to an error of 
judgment, one to an error by the look-out man, and the 
remaining one was that in which the three men were killed. 
In the last-named case three permanent way men, working 
on the up main line on November 20th, stepped on to the 
down line to allow an up express to pass, and were knocked 
down and killed by a aon goods train. 

A tetrer in The Times of August 16th, 
record of British railways in the matter of acci 
that of the roads and saying that it should make “ 
proud of this wonderful Seoul of safe travelling,” called 
forth a reply from another correspondent, which appeared 
in the issue of that paper for August 27th. This second 
letter gives the total for the nine years 1926-1934 inclusive 
as 3461 killed and 210,681 injured. He, the writer, is 
quite right in maintaining that the comparatively greater 
dangers of the road must not be measured by the number 
killed in train accidents, but by all the casualties on the 
railways. That should include the accidents to shunters, 
guards, permanent way men, and all others affected by the 
movement of trains and vehicles. But the figures given 
on August 27th include what are known as “ non-move- 
ment ”’ accidents, which are those in goods depéts, engine 
sheds, &c., which are of an ordinary industrial character. 
The separation of these will reduce the nine years’ total to 
2984 killed and 64,258 injured in train accidents and, in 
‘“* accidents caused by or connected with the movement of 
railway vehicles exclusive of accidents to trains.”’ 

THE Ministry of Transport is advertising a vacancy 
which obviously is a sequel to the death of Mr. J. P. 8. 
Main. The new appointment is not to be that of a sub- 
inspecting officer of railways, as were the two men 
appointed, under the Regulation of Railways Act, 1893, 
which mainly dealt with the hours of duty of railway 
servants, nor an assistant inspecting officer like those 
appointed under the Railway Employment (Prevention of 
Accidents) Act, 1900. The person now to be appointed 
is to be a Railway Employment Inspector under the Chief 
Inspecting Officer. This mention of the earlier appoint- 
ments in 1893 reminds us of the pressure that was brought 
to bear upon Mr. Mundella, the then President of the 
Board of Trade, and General Hutchinson, the Chief 
Inspecting Officer, to appoint men who were practically 
nominees the ‘Autedamated Society of Railway 
Servants. The solution appeared like a compromise ; one 
man was a trades unionist and came from the North- 
fastern Railway and the other was a non-unionist 
employed by the Midland and Great Northern Joint Line. 
We feel it our duty to make this story complete by saying 
that the first-named was Mr. Walter Hudson, than whom 
there never was @ more broadminded man. 

THe Hardinge Bridge in India is a railway bridge carry- 
ing the main line of the Eastern Bengal Railway. The 
annual report for 1933-34 of the Indian Railway Board 
says that the vagaries of the river Gan in the vicinity 
of the Hardinge Bridge have attrac t deal of 
attention during the past few “A definite attempt 
by the river to return to an old channel, ‘where it flowed 
in 1780 and 1868, developed rapidly during the years 1931 
and 1982. Asa result, certain protection works, which 
consisted of the provision of a new bank and the extension 
of others were undertaken in 1932 with a view to keeping 
the river to its old course. They were completed in May, 
1933. These additional works came into action early 
during the flood season of 1933, but towards the end of 
September an attack of unprecedented severity developed 
on the right guide bank near the bridge and eventually 
caused a breach of that bank for 360ft., which ultimately 
increased to 1600ft. All efforts to arrest. the breach were 
fruitless owing to the depth and velocity of the river, but 
fortunately it was the end of the flood season and the 
bridge was therefore free from danger during the ensuing 
low-water months. Sir Robert Gates, the original designer 
of the bridge. was therefore called in. He proposed certain 


aising the 


Miscellanea. 





Work has begun on the concrete roofing over 1500ft. 
of the Ealing and Putney District Railway lines adjoining 
the site of the new exhibition building at Earl’s Court. 
This roof will provide part of the roadway round the exhibi- 
tion building, and during its construction the train service 
will continue uninterrupted. 


A siTE near Beaumaris has been acquired by the B.B.C. 

for the proposed North Wales Relay Station, and pre- 

work of construction is now in hand. The trans- 

mitter will have a power of approximately 5 kW, and will 

be synchronised on the same wavelength as that used by 
the Wost Regional transmitter. 


Tae annual report of the Inspector of Mines and 
Quarries states that 5171 quarries were worked during 
1934 employing over 69,000 persons. The total tonnage 
of mineral got was over 79 million tons, valued at 
£14,400,000. During the year 275 metalliferous mines, 
employing some 11,800 persons, were working. 


THE agreement reached recently between the Turkish 
Ministry of Public Works and representatives of the 
British -owned Istanbul Telephone Company for the 
urchase of the company’s concession by the Turkish 
Government has been signed. The agreement provides 
for a total payment of £800,000 in twenty annuities, 
starting in 1939. 

A NEW lightweight refractory concrete, known as 
“ Firecrete,”’ is announced in ica, says an extract 
in the Iron and Coal Trades Review. It weighs approxi- 
mately 75 lb. per cubic foot. The heat storage capacity 
is about 40 per cent. lower sowie! that of fire-clay. At 
1750 deg. Fah. the SPOT kegs is 0-25, and the 
compressive strength is 240 lb. per square inch. 

Buast- —— oe age 9 at the Rouge plant of 
the Ford Motor Co y at Dearborn, Mich., whereby 
hoa hr odustion at the plant will be increased 

tons, ‘has been completed. The modernisation 
scheme, which has cost 580,000 dollars, is part of a 
20,000,000-dollar expansion programme which will provide 
additions and replacements in nearly all parts of the plant. 


THe second exhibition of coal face machinery is to be 
held in the Bingley Hall, Birmingham, from September 
20th to 28th inclusive. The exhibition is designed to 
stimulate the ever-growing demand for such machinery 
and to demonstrate the advances that have been made in 
efficiency and design. Invitations are being sent to 
colliery owners, managers, engineers, min students, 
and others. The exhibition offices are at 49, Wellington- 
street, London, W.C.2.: 


Srarntess steel is being used in connection with the 
construction of a new reservoir for the Derwent Valley 
Water Board for lining the bed of the river Derwent at 
a point where the old weir now stands. This weir is being 
demolished to make way for a measuring channel to check 
the flow of water down the river, and to prevent the channel 
from becoming choked by vegetable growth and moss it 
has been to cover the stone and concrete with 
plates of stainless steel. 


Tue plant for the | pce of petrol from coal at 
Seaham Harbour is to be duplicated, and the originally 
planned output doubled. Ainoohing to The Times, the 
work of preparation on the original plant is so far advanced 
that the carbonisation battery has been lighted up, and 
it is hoped that the first unit will be in full production 
by the end of this month. The present plant will use 
about 500 tons of coal a day, and «will produce about 
ri gallons of motor spirit, 4,000,000 gallons of 

eavy oil, 100,000 tons of smokeless fuel, and hundreds 
of tons of valuable by-products a year. 


Tue death occurred at Stockton-on-Tees on August 
28th of Mr. William Lawson, A.M.I, Mech. E., who was 
associated with early developments in this country in the 
use of large gas engine plants and the utilisation of blast- 
furnace gas and other industrial gases. Having served an 
apprenticeship with Messrs. Doxfords, Sunderland, ‘Mr. 
Lawson joined Richardsons, Westgarth and Co., Ltd., 
Middlesbrough, and subsequently visited Berlin and Liege 
on their behalf to study the development of the Cockerill 
gas engine on the Continent, with a view to its exploitation 
in this country. As consultant on internal combustion 
engine patents, he returned to the Middlesbrough works 
in connection with the active development of large gas 
engines for blast-furnace gas—then new to this country. 
A number of plants were installed in this country under 
his supervision. He subsequently joined the British 
Westinghouse Company as gas engine arya oe wo 
in @ similar capacity later was connected with y 
Brothers, Ltd., Manchester, and the Power-Gas Corpora- 
tion, Ltd., Stockton-on-Tees. At a later date he com- 
menced business on his own account, holding a number of 
agencies for British engineering firms. 


WE have recently received some interesting and useful 
literature dealing with liquid fuel burning plant. The Fire 
Offices’ Committee, 65 and 66, Watling-street, London, 
E.C.4, have drawn up a pamphlet entitled “‘ Definitions 
and Recommendations in connection with+Liquid Fuel 
for Furnaces Having a Flash-point not Below 150 deg. 
Fah (Close Test), and a card entitled “ Suggestions for 
the Safe Operation of Oil-burning Installations,” to hang 
up near installations for the use of operators. The British 
Oil Burner Manufacturers’ Association, Ltd.,.69 and 73, 
Cannon-street, London, E.C.4, which was formed some 
eighteen months ago to provide a central ay oe ee for 
manufacturing firms of liquid fuel burning plant, has 

been engaged in the ation of “‘ A Standard of Design, 
Manufacture, ‘and ation of Automatic Oil-burning 
Equipment for Central Heating and Hot Water Supply,” 
which has been approved by the Association. It is 
generally in accordance with the recommendations in 
connection with liquid fuel issued by the Fire Offices’ 
Committee, and it is understood to comply in the main 
with the requirements of the London County Council. 
Attached to the specification is a list of the ordinary 
members of the Association and of the associate members, 
the latter being mainly suppliers of auxiliary equipment 





Air and Water. 





Tue Air Ministry has decided to adopt Finningley, a 
village 7 miles from Doncaster, as the centre for one of the 
new Air Force stations. 

WiIt# a view to establishing a new Transatlantic service, 
the giant French seaplane ‘Lieutenant de Vaisseau 
Paris ” is, according to reports, shortly going to attempt 
a trial flight to America. 

Tue Swedish Government has sanctioned grants 
amounting to some 250,000 kronen for harbour improve- 
ment works. The grant covers works on the harbours of 
Karlskrona, Ronneby, Norrtalje, and Sédertalje. 


Wuat is believed to be the smallest sailplane in this 


| country recently made a successful 14- hour flight at Sutton 
Bank, 


near Thirsk. Known as the “ Penrose Special,” 
it has a wing span of only 30ft. and weighs some 133 Jb. 


Orriciat figures show that there are 229 municipalities 
interested in civil aviation and the operation or establish- 
ment of civic ai The Air has inspected 
and approved of 108 sites for future use as civil aerodromes. 


Owrne to a new restrictive decree imposed by the 
Italian Government, shipbreakers in that country are 
now offering only 29s. a ton for ships to be broken up as 
against the 32s. per gross ton they have been paying for 
some time. 

A German, Herr Dunnbeil, is stated to have made 
an aeroplane equipped with a propeller which is driven 

by pedals worked aye the pilot, and has made flights up to 
257 yards and reached a height of from 13ft. to 16ft. at the 
Frankfurt aerodrome. 

Durimwe August, Clyde shipbuilding yards secured 
twelve contracts for new vessels. During the same period 
four vessels, 12,760 tons, were launched, 
bringing the Clyde figures for the year up to forty-two 
vessels of 118,755.tons gross. 

Tue chief event at the recent Lympne International Air 
Rally was @ race for 48 miles measured in three circuits 
for the Wakefield Cup. It was won by Mr. G. Hansez, 
of Antwerp, at an average gy of 177-5 m.p.h., flying 
a Caudron “ Simoun ”’ machine. 


Turze De Havilland ‘ + Teka Rapides ”’ have been 
chosen by the Netherlands New Guinea Petroleum Com- 
pany for one of the largest air surveys ever undertaken 
for petroleum exploration. For this work some 25 million 
acres of New Guinea are to be photographed from the air. 


Tue first of a number of changes and extensions made 
necessary by the Royal Air Force two-year expansion 
programme will take place on September 16th, when the 
Central Flying School will be moved from Wittering to 
Upavon. During the early part of next year four new 
Air Force Flight Training Schools at Peterborough, 
Montrose, Thornaby, and Ternhill are to be opened. 


Tue new Swedish aerodrome which is in course of con- 
struction at Bromma, Stockholm, is to have a modern 
system of lighting for night landing. Floodlighting 
projectors will illuminate the landing ground with the 
equivalent of 800,000 candle-power, and the airport 
beacon, which will have a strength of 2 million candle- 
power, is expected to be visible from a distance of 
70 kiloms. 


Ir is stated in the Shipbuilding and Shipping Record 
that in recognition of the need for modernising coasting 
vessels, the German Government is now prepared to 
make a grant of 30 cent. of the total cost of recondi- 
tioning up to 25, marks (7500 sen grant). Appli- 
cants must show that the financing of the remaining 
70 per cent. of the cost is assured. The scheme is intended 
particularly for the renewal of motors in motor-auxiliary 
vessels. 

H.M.S. “ Rammurms”’ is reported by the Admiralty 
to have been in collision with the North German Lloyd 
steamer “ Eisenach” in the Channel, 4 miles south- 
south-east of Sandgate. The collision occurred at 7.40 

.m. on Friday last. A gale was blowing at the time. 

our of the German seamen have been killed. The 
** Ramillies has proceeded to Portsmouth for repairs. 
The “ Eisenach ” has been berthed at Dover. Her bows 
have been damaged extensively. She is a 4159-ton 
vessel, and was proceeding to Hull from Braila. H.M.S. 
“ Ramillies ” is 29,150 tons, and had left Sheerness for 
Portland to join the Home Fleet. 


Accorpine to Flight, the Soviet Central Aerohydro- 
dynamic Institute has completed the plans for the sixteen 
new aeroplanes which are to replace the wrecked “ Maxim 
Gorki.”” The new machines, while preserving the general 
scheme of the all-metal “Maxim Gorki,” will have six 
1200 h.p. engines instead of the eight 850 h.p. engines of 
the earlier machine. The main characteristics of the 
new machines are as follows :—Wing span, 207ft.; height, 
36ft.; length, 112ft. The maximum speed will be about 
170 m.p.h.—an improvement on that of the prototype 
explained by the removal of the central engines—and 
there will be accommodation for sixty passengers. The 
machines will be fitted with automatic pilots. 


Ir has been found that an interrupted beam of light 
has far greater fog-penetrating power than a steady 
beam, and a new type of beacon has been installed at 
Tilbury consisting of two 2-kW gas-tilled projector lamps, 
each of which works in conjunction with a mirror and 
lens so arr. as to give a slightly divergent beam of 
white light. addition, there is a motor-driven shutter 
which shades the two lamps alternately at a frequency 
of 5-5 occultations per second. The increased penetrative 
— of this vibratory beam of light was ascertained 

uring the course of experiments carried out last winter 
at Newhaven. During a grey fog in daylight, the beam 
from an ordinary lamp of the same candle-power and 
having the same optical system was lost sight of at a 
distance of 306ft., while the corresponding figure for the 
fog beam was 501ft. In another test during a sea fog at 
night the distances were 380ft. and 500ft. respectively, 
the observations being made at an angle of 12 deg. with 
the optical axis of the lamps and the distances marked on 








protection works, which were put in hand in January, 
1934, and were in progress at the time of the report. 





which forms part of the complete installation. 


the quayside. 
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THE CENTENARY OF THE GREAT WESTERN 
RAILWAY. 


AT the end of last week the Great Western Rail- 
way Company celebrated the centenary of the 
grant of the Royal Assent for the construction of a 
railway between Bristol and London. That line 
and the Liverpool and Manchester, opened on 
September 15th, 1830, may be regarded as the 
foundations of the British railway system. It is true 
that the Stockton and Darlington railway, opened 
on September 27th, 1825, was earlier still, but it was 
not designed and built in the public interest, but 
as an alternative to canal communication and was 
originally intended for the conveyance of minerals 
from the Bishop Auckland and South-West 
Durham area to the river Tees. Strange to relate, 
it was dissatisfaction with the then canal service 
that led the people of Liverpool and Manchester 
to desire, and subsequently to obtain, railway com- 
munication between those two cities. Mr. C. B. 
Vignoles, who made the final survey for that line, 
said in his presidential address at the Institution of 
Civil Engineers on January 11th, 1870: “‘It is to 
the courage and enterprise of the mercantile and 
manufacturing people of Liverpool and Manchester 
that we owe their introduction, and benefits 
such as we have enjoyed during the last forty 
years.” The proposals for a railway between 
Bristol and London were, according to Mr. E. T. 
Macdermot’s “‘ History of the Great Western 
Railway,” first publicly discussed as a result of the 
work of a committee of prominent merchants and 
others, representing the five corporate bodies of 
Bristol, formed in the autumn of 1832, which held 
their first meeting on January 21st, 1833, ‘‘ when 
they considered the matter generally and advertised 
for information.” The mention of these dates is 
desirable at this time in order that due honour may 
be given to the London and Southampton Railway, 
which soon was to become the London and South- 
Western Railway and a great rival of the G.W.R. 
The first tangible step towards the formation of the 
Southampton line was taken at a meeting on Feb- 
ruary 26th, 1831, at the residence of Mr. Abel R. 
Dottin, the member for the borough. The people 





of Southampton saw in a railway a means whereby 
shipping, bound for London, could be diverted 
into Southampton—new docks were part of the 
Southampton scheme—and be conveyed thence to 
London. Its proposals, by the way, were sanctioned 
in 1834, a year earlier than those of the Great 
Western. Thus both these great railway systems— 
the Great Western and the London and South- 
ampton—were the outcome of local public énter- 
prise. Moreover, those mentioned and the hun- 
dreds of railways built subsequently fulfilled the 
motto on the seal of the Stockton and Darlington 
Railway Company, “ Periculum privatum utilitas 
publica ’’—at private risk for public service. The 
extent to which that private risk has grown may 
be judged from the fact that the Great Western 
to-day has a created capital of 1554 million 
pounds, on which, in 1934, interest to the amount 
of 6} million pounds was paid. Of the latter sum the 
consolidated ordinary stock, of 43 million pounds, 
received only 3 per cent. 

On another page we record the celebrations in 
Bristol on Saturday last, August 3lst, which com- 
memorated the important event of exactly one 
hundred years ago. Much, also, has been printed 
in the daily papers about the history of the Great 
Western. There is, however, one aspect of that 
subject which merits especial attention, because of 
the closeness with which it affects railway 
travellers. We refer to the remarkable record for 
safety in railway travel that the Great Western 
enjoys. Except for one collision in 1913, when 
three passengers were killed, and one in 1911 and 
another in 1916, in each of which one passenger 
lost his life, there has not been a serious accident 
on that line for over thirty years. On October 
3rd, 1904, occurred the Loughor derailment, 
which has come to be regarded as amongst the 
classic accidents in that its investigation led to a 
study of the behaviour of tank engines. Colonel 
Yorke reported to the Board of Trade that the 
result of his inquiry was very disappointing, as no 
direct evidence as to the cause was forthcoming. 
This freedom from accident applies also, it is 
worthy of note, to the fatal accidents to railway 
servants. Engaged in the operation of railways 
the Great. Western has just 17 per cent. of the whole 
of the railway servants that come under that 
category, and yet, for the last five years, a yearly 
average of only 13-4 per cent. of men killed in 
movements on British railways other than in 
train accidents have occurred on that line. In 
this relation it should be remembered that the 
Great Western originated the “Safety First” 
campaign, but it used strongly to resent the 
alleged interference of the Board of Trade in the 
operation of railways. A Select Committee was 
appointed on March 9th, 1841, to consider 
the desirability of giving that department dis- 
cretionary power in issuing regulations for the 
prevention of accidents on railways. Brunel was 
one of two witnesses—Henry Booth, of the 
Liverpool and Manchester, was the other—and 
“strongly urged that the existence of such a 
power in a Government Department would be 
injurious to the railway interests.’”’ Four other 
witnesses, two of whom were George Stephenson 
and Edward Bury, took the opposite view. They 
considered it “‘ very desirable for the public safety 
that there should be some power to regulate a great 
number of things which cannot be regulated in 
any other way and to enforce a greater degree of 
uniformity of system than now prevails in matters 
essential for the public safety.”’ That the attitude 
of the Great Western remained unchanged thirty 
years later was seen in the inquiry by Colonel 
Yolland into the Shipton-on-Cherwell derailment 
of December 24th, 1874, when thirty-four 
passengers lost their lives as a result of a broken 
tire on a carriage; the tire, by the way, was 
fastened to the rim of the wheel by four counter- 
sunk rivets. The inquiry was held under unusual 
conditions. It took place at the London Sessions 
House; counsel examined and cross-examined 
witnesses and made speeches at the end, and the 
main evidence occupied three days. At the subse- 
quent half-yearly meeting Sir Daniel Gooch, then 
the chairman, said that railways were in a very 
unfortunate and improper position with respect 
to the Board of Trade Inspecting Officer. He did 
not find fault with that gentleman personally, but 
it was hard upon railways that men, eminent, no 
doubt, in their own sphere of life as military engi- 
neers and who could build forts and barricades, 
but had no experience in the management of rail- 
ways, should have to make all kinds of suggestions 
for the handling of traffic. We would observe that 
within the next fifteen or twenty years, however, 


Western, but on all British railways, and the 
co-operation between the railway officers and the 
Board of Trade Inspectors and the confidence shown 
in the judgment and disinterested opinions of the 
latter has greatly contributed to the remarkable 
record for safety that British railways now enjoy. 
The fact that, after his retirement in 1913 from the 
position of Chief Inspecting Officer of Railways, 
Sir Arthur Yorke was, in 1915, made a director of 
the Great Western indicated a direct change of 
front from the opinion expressed by Sir Daniel 
Gooch in 1875. 

We could refer to the many directions in which 
the Great Western has, during the present century 
alone, shown remarkable enterprise. Among these 
may be noted the opening of the South Wales 
Direct Line, as complementary to the Severn 
Tunnel, in 1903 ; the construction of the Greenford 
and High Wycombe line, opened in 1905, which 
enabled a London-Birmingham two hours’ 
service to be established in 1910; the Castle 
Cary line, which gives direct access between 
London and Exeter, Plymouth, and the West 
of England without going through Bath and 
Bristol, in 1906; the Fishguard and Rosslare 
steamship service, in conjunction with the Great 
Southern and Western of Ireland, in 1906; the 
new station at Birmingham, Snow-hill, in 1913 ; 
and, in more recent years, the enlargement of 
Paddington, Cardiff and Bristol stations ; and the 
construction of deviations at Westbury and Frome. 
Such great works as these redound to the credit 
of the company, but the successful steps which the 
Great Western has taken to safeguard the lives and 
limbs of passengers are of at least equal interest to 
travellers. In 1859 it set up a signal department— 
a few years later than the similar step on the then 
Midland Railway—and for many years now the 
head of that department has held an independent 
appointment, being responsible only to the general 
manager. Standardisation of signalling symbols 
was established quite a long time ago and a writer 
on the subject said, in 1904: “‘ One of the, if not 
the, most perfectly signalled railways in Great 
Britain is the Great Western.’”’ The now well- 
known system of automatic train control—in the 
provision of which the Great Western stands alone 
among the main line companies—was introduced 
in 1906 as a cab signal to advise enginemen. 
mainly in foggy weather, of the condition of the 
distant signal they were approaching. It had the 
double advantage, firstly, of having been designed 
by railwaymen who solved problems that most 
‘‘ inventors ’’ overlooked, e.g., that a driver needs 
a “clear ’’ almost as much as a “danger ”’ indica- 
tion ; and secondly, that the designers were Great 
Western officers. In 1907 the company, following 
the example of the Lancashire and Yorkshire and 
the Great Central, divided long block sections by 
intermediate automatic signals. It is indicative 
of the strong individualism still to be found on the 
Great Western that, whilst this has since been 
universally done on the other systems, inter- 
mediate signal-boxes, with their attendant signal- 
men, and not automatic signals, were provided 
last summer at certain points on the main line to 
the West. That was done, we believe, because 
automatic signals would have required the upkeep 
of certain apparatus, really wanted only for the 
summer traffic, all the year round. Another sign 
of this commendable individualism is that one- 
unit signals, with three aspects, are not used, as 
on the other railways. The Great Western employs 
instead two-unit signals, wherein what, in effect, 
is the stop signal is in the upper unit and what is 
the distant is in the lower unit. There are thus 
presented to trainmen the same indications that 
they have been accustomed to, for years, in the 
semaphore stop and lower distant signal. Other 
features could be named, but these are, we hope, 
sufficient to indicate the great care with which the 
trains on the Great Western have been operated, 
and so to establish a record of which not only 
that railway, but all British railways, may be 
proud and for which the travelling public ought to 
be thankful. 


Of Museums. 


Museums may be divided into two main classes. 
One, the museum of curios and antiquities ; the 
other, the museum of the industrial arts. The 
former houses the trophies of collectors and is 
patronised by the scholar, the antiquarian, and the 
dilettante. Those who use it in pursuit of inspira- 
tion in trade and industry do so shamefacedly and 
with an inward feeling that they are desecrating 
a sanctuary. Before entering temples of culture, 
as such museums are, mere sightseers must shed 








a change of mind took place, not only on the Great 





from their feet the shoes of industrial desire. 
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Museums of the other kind are wholly wanting in 
scholarly reserve. No maiden blush have they 
for the onlooker. They do not seem to ask, are 
your intentions honourable? They are ready to 
lend themselves to any purpose which may benefit 
technical education and the progress of industry. 
This useful distinction between the two kinds of 
museums is sometimes forgotten, and people refuse 
to enter the doors of the less sanctified temple 
because they believe that all such places are merely 
depositories of musty antiquities in which none but 
Professors Dry as dust are at home. Happily, 
those who think thus mistakenly are becoming ever 
fewer in number, and the public is, by increasing 
rttendance, showing its approvai of the efforts of 
museum directors to make the collections appeal 
alike to the general observer and to those who have 
specific purposes in view. 

We are blessed in this country in the possession 
of a technical and scientific museum which has 
only two or three peers the world over. Its origin 
was admirably described in Mr. H. W. Dickinson’s 
Presidential Address to the Newcomen Society in 
1934. It began, not so many years ago, as a 
collection of models of inventions, and has gradually 
so increased in size and dignity that it is not nearly 
big enough. For the more such things grow the 
more do they need room for greater growth. It is 
depressing to read in the latest report of the Science 
Museum that no more objects can be accepted on 
temporary loan; that many have to be stored away 
because there is no room to show them; and that 
in certain sections there is overcrowding. That is, 
we think, the natural result of the modern spirit 
which inspires the directors. At one time, in the 
old galleries of which few remain, the collection 
was to all intents and purposes one of antiquities. 
One might wander in them admiring and absorbing 
the history of technology, but one did not expect 
to find up-to-date examples of the products of 
industry or, even more, specific temporary displays 
inspired by the very modern spirit of corporate 
propaganda—displays like those of synthetic resin 
products, rubber products, and devices and means 
for the abatement of noise. Is it because the 
Science Museum is both a museum of antiquities 
and a museum of modern products that it is over- 
crowded ? Not for an instant do we suggest that 
the antiquities should be reduced in number. 
Indeed, it is the constant regret of all who believe 
in the educational value of technological history 
that many ancient objects which should be pre- 
served by the nation have to be refused accom- 
modation. But it-is in our mind if, as we hope, 
means may be found for the further extension of 
the buildings, that then a separate and independent 
hall should be built and reserved for the ever- 
changing display of “ modern ”’ exhibits, and that 
an effort should be made with the help of inventors 
and manufacturers to render these modern exhibits 
more useful than they now are. We may take as 
an example at random the fairly newly organised 
collection of such optical apparatus as cameras 
and cinematograph projectors, or the very com- 
plete collection of accounting machines, all repre- 
sentative of important modern industries. Here 
one may find many examples of apparatus as made 
and sold by the donors. But such things may be 
seen in shop windows, and it is questionable if 
they should be accepted by the Museum until they 
pass into the pages of history. There is a certain 
aura of advertisement around them and their 
educational or instructional value is small. Such 
exhibits should be dissected for the instruction of 
visitors, and theessential mechanisms—the shutters 
of cameras, the “ motions ” of cinematograph pro- 
jectors, the counting mechanisms of compto- 
meters—should be reproduced in large-size working 
models. In most cases the mechanism is entirely 
hidden, and the spectator can do little more than 
examine the external cases of the instruments or 
apparatus. That, we suggest, is of very little 
value to the technical visitor in search of inspira- 
tion or instruction. A great deal of ingenuity has 
been, and is being, expended on the mechanism of 
cameras, projectors, comptometers, indicating 
scales, and many similar devices, as the records of 
the Patent Office show, and it would neither be 
difficult nor costly to reproduce simple large-scale 
models of the essential parts. 


The demands of examination and the, conse- 
quently, overburdened curricula of technical 


colleges seem almost to have driven out the study 
of mechanical devices which, at one time, was 
regarded as an essential element in the education 
of mechanical engineers. The principles of machine 
design are indeed carefully taught, but principles 
rarely stir the imagination, and without imagina- 
tion invention dies. 


Our technical museums, and 





particularly the Science Museum, do a great deal 
to restore this want, but we fear that they are not 
as greatly used by students as one could desire. 
It is true that school children go to them under the 
guidance of teachers, and that lecturers discourse 
to groups of visitors upon selected subjects. But 
to the best of our belief, no great technical school 
encourages its students to study mechanism by 
examination of the exhibits in the Science Museum. 
That is, we suggest, to be regretted. The real 
foundation of mechanical engineering is the know- 
ledge of mechanisms. It is at the root of mecha- 





nical invention. The theory of machine design is 
very unlikely indeed to inspire the mechanical 
imagination. For that inspiration we must look 
to mechanisms themselves, and there is no better 
place to seek them than the Science Museum, 
with its many working models. It is because we 
believe that the educational value of the Museum 
might be increased that we suggest to the directors 
the desirability of insisting that all “trade” 
exhibits should be accompanied by dissections, 
and, as a general practice, by working models of 
essential mechanical details. 








The Crust of the Earth.’ 


By Professor W. W. WATTS, F.R.S. 


HE physical changes with which Lyell and his 
successors were most closely concerned were, 
firstly, the formation of stratified rocks on horizontal 
sea floors, situated in what is now often the interior 
of continents, far removed from the oceans of the 
present day, and thus indicating important and 
repeated changes in the position of land and water ; 
and, secondly, the deformation of these flat deposits 
till they were rucked and ridged to build the mountain 
ranges. 

Before and since Lyell’s time geologists have 
devoted themselves to working out the exact and 
detailed succession of these stratified rocks, trans- 
lating their sequence into history and their characters 
into terms of geography ; the succession of physical 
conditions prevailing at the time of their formation. 
Further, although animals and plants migrate from 
place to place, the time occupied by the migrations of 
suitable forms is so negligible when compared with 
the length of the chapters of geological history that 
their fossil remains have proved to be the best means 
for correlating strata over broad stretches of the 
earth’s surface. This correlation has converted the 
fragments of local history thus revealed into at least 
the outlines of the geological story of the world. 

It was not till 1885, however, that the accumulation 
of data of this type was sufficient to enable the great 
geologist, Suess, an Austrian, but born in this country, 
to assemble and correlate them, and to deduce from 
them further principles which have been the mainstay 
and inspiration of his successors. We owe to Hertha 
Sollas and her father the rendering of this great work, 
“The Face of the Earth,’ into English; and to 
Emmanuel de Margerie and his colleagues a French 
translation enriched with a magnificent series of maps 
and sections such as could only have been brought 
together by one with the most remarkable biblio- 
graphic knowledge; a veritable recension of the 
original. 

The nature and associations and the distribution in 
time and space of modern changes in the relative levels 
of land and sea, as detected at sea margins and by 
altitude survey, and of older changes betrayed by such 
evidence as submerged forests and raised beaches, had 
convinced geologists that the unstable element was not 
the fickle and mobile sea, but the solid, if elastic, 
earth crust. They naturally applied the same 
explanation to those encroachments of the sea in the 
past which had resulted in the formation of our 
stratified rocks. But while some investigators were 
content with one form of movement—that due to 
lateral pressure—to explain both the formation of 
mountains and the rise and fall of the land, others 
called in a different cause for the latter. Without 
entering into a discussion of causes it may be well for 
us to distinguish the orogenic or mountain-forming 
from the epeirogenic or continental movement. 

The evidence collected by Suess proved that these 
last great land and sea changes had occurred simul- 
taneously over whole continents or even wider 
regions. Such great submergences as those to which 
the Cambrian Rocks, the Oxford Clay, and the Chalk 
are due were of this character; while, in between, 
there came times of broad expansions of continental 
land and regressions of the sea. These changes were, 
in his view, on far too grand a scale to be compared 
with, or explained by, the trivial upheavals and 
depressions of land margins of the present day, which 
he showed could mostly be correlated with voleanoes 
or earthquakes, or with such incidents as the imposi- 
tion or relief of ice sheets on an elastic crust in con- 
nection with glacial conditions. 

It became necessary for him to replace or supple- 
ment oscillations of the earth crust by a world-wide 
periodic ebb and flow of the oceans, to and from the 
continents; positive movements of transgression 
carrying the sea and its deposits over the lands, 
drowning them and their features under tens or 
hundreds of fathoms of water; and negative move- 
ments or regressions when the oceans retreated to 
the deeps, leaving the continents bare or encrusted 
with recently formed sediments. 

Although the facts cried out for this generalisation, 





* From the Presidential address to the British Association 
at Norwich, September 4th, 1935, entitled “‘ Form, Drift, and 
Rhythm of the Continents.” 





Suess was at a loss to supply any mechanism com- 
petent to produce the wonderful rhythm. The 
problem was difficult because a liquid must maintain 
a horizontal, ¢.e., an equipotential, surface. It was 
manifestly impossible to withdraw from the earth, 
and later to replace upon it, the vast quantity of 
water that would be required ; and, though a shifted 
water level, or even a varied water surface relative 
to the continents, might be caused by polar ice caps, 
by redistribution of the continents carrying their 
local effects on gravitation, by variations in the rate of 
the earth’s rotation, or other far-reaching causes, 
none of these would supply an explanation that fitted 
all the facts. Regressions of the sea could be to some 
extent explained if Suess’s main postulate, that the 
great ocean basins had been slowly sinking through- 
out geological time, were granted. But this explana- 
tion only rendered more impotent the raising of ocean 
levels by deposits of sediment, and this was almost the 
only valid cause for transgressions that he had been 
able to suggest. 

Further, it is not possible to ignore the definite 
relationship that exists between the pulsation of the 
oceans and the raising of mountains by lateral or 
tangential stress. Periods of positive movement or 
advance of the seas were times of comparative tran- 
quillity, when tangential pressure was in abeyance. 
Periods of negative movement and retreat were 
invariably marked by the operation of great stresses 
by which the earth’s face was ridged and wrinkled 
in the throes of mountain birth. 

The theory that continuous cooling and shrinkage 
of the interior of the earth afforded an explanation 
of mountain ranges and other rugosities on its surface 
was a legacy from the nebular hypothesis. In spite 
of the homely simile of a shrivelling apple, this 
explanation has never received a very enthusiastic 
welcome from geologists, though, in default of other 
resources, they had to make use of it. As knowledge 
has grown the difficulties have become insurmountable 
to them. 

First, there is its inadequacy to explain the vast 
amount of lateral movement required to account for 
the greater mountain ranges ; their rocks, originally 
spread over a wider area, having been folded and 
crushed into a narrower width. The shortening of the 
earth crust thus effected has been estimated in the 
case of the Rocky Mountains at 29 miles, of the 
Himalayas at 62, the Alps at 76, and the Appalachians 
at the large figure of 200 miles. 

Then there is the periodicity of mountain growth. 
The great epochs of mountain building, such as the 
Caledonian, to which the chief Scottish and Welsh 
mountains are due, the Hercynian, responsible for the 
Pennine and South Wales, and the Alpine, which gave 
us “the wooded, dim, blue goodness of the Weald,” 
were associated with vast continental development ; 
and each was separated from the next by a period of 
relative inactivity lasting dozens of millions of years. 

Further, there is the fact that the vigour of moun- 
tain building, of volcanoes, and of other manifesta- 
tions of unrest, has shown no sign of senility or lack of 
energy. The geologically recent Alpine-Himalayan 
range is as great, as lofty, and as complicated in 
structure as were any of its precursors. The active 
volcanoes of Kilauea, Krakatao, or St. Pierre, and 
those recently extinct in Northern Ireland and the 
Scottish Isles were as violent and efficient as any of 
those of the Paleozoic Era. The earth is “a lady of a 
certain age,’ but she has contrived to preserve her 
youth and energy as well as her beauty. 

But it was when Lord Kelvin’s dictum struck from 
geology its grandest conception, time, that it became 
vital to re-examine the position. He had demon- 
strated that, if the earth had been continuously 
cooling down at its present rate, its surface must 
have been too hot for the existence of life upon it a 
limited number of million years ago. The concept of 
geological time, indicated by Hutton in his famous 
saying that in this inquiry “ we find no vestige of a 
beginning—no prospect of an end,” had been con- 
firmed by data accumulated through the painstaking 
researches of a host of competent and devoted 
observers all over the world. To them, familiar with 
the tremendous changes, organic and inorganic, that 
the earth had passed through since Cambrian time, 
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it was wholly impossible to compress the life story of 
the earth, or the history of life upon it, into a paltry 
20 or 30 million years. The slow growth and slow 
decay of mountain range after mountain range, each 
built out of, and in some cases upon, the ruins of its 
predecessor ; the chain of slowly evolving organisms, 
vast in numbers and infinite in variety, told plainly 
of long ons of time. And the duration of these eons 
can be dimly realised when it is recalled that, within 
a small fraction of the latest of them, man, with the 
most primitive of_implements and the most rudi- 
mentary culture, has succeeded in penetrating to the 
uttermost corners of the world, and developed his 
innumerable languages and civilisations. 

Huxley, as our representative, took up the challenge 
in his address to the Geological Society in 1869, and 
asked the pertinent question ‘but is the earth 
nothing but a cooling mass, ‘ like a hot water jar such 
as is used in carriages ’ or ‘ a globe of sandstone’ ? ” 
And he was able to point out at least some agencies 
which might regenerate the earth’s heat or delay its 
loss. 

So it is only fitting that the great physicist, who 
imposed a narrow limit to geological time, should 
have prepared the way for those who have proved that 
the earth possesses in its radioactive substances a 
‘* hidden reserve ”’ capable of supplying a continuous 
recrudescence of the energy wasted by radiation, thus 
lengthening out the time required to complete its 
total loss. These later physicists have given us time 
without stint ; and, though this time is the merest 
fraction of that envisaged by cosmogonists and 
astronomers, we are now so much richer than our 
original estimates that we are embarrassed by the 
wealth poured into our hands. So far from the last 
century's urge to “hurry up our phenomena,” we 
are almost at a loss for phenomena enough to fill up 
the time. 

The far-sighted genius of Lord Rutherford and Lord 
Rayleigh first saw the bearing of the rate of disinte- 
gration of radioactive substances in the minerals of 
rocks on the age of the parts of the earth crust built 
of them. The extension and supplementing of this 
work by Joly, Holmes, and others has now enabled 
us to look to the disintegration of uranium, thorium, 
and potassium, as the most promising of many 
methods that have been used in the endeavour to 
ascertain the age of those parts of the earth crust that 
are accessible to observation. These methods also 
promise a means of dating the geological succession 
of eras and periods in terms of millions if not hundreds 
of thousands of years. 

The decline and early death to which Lord Kelvin’s 
dictum had condemned the earth, according so little 
with the vigour displayed in its geological story, is 
now transformed into a history of prolonged though 
not perennial youth. It was for Joly, of whose work 
the extent, variety, and fruitfulness are hardly yet 
fully appreciated, to take the next step and see in the 
release of radioactive energy a mechanism which 
could drive the pulse that geologists had so long felt, 
and that Suess had so brilliantly diagnosed. As 
Darwin found the missing word for Lyell, so Joly in 
his theory of thermal cycles has indicated the diree- 
tion of search for a mechanism to actuate the rhythm 
of Suess. 

In Joly’s conception the running down of the earth’s 
energy, though a continuous process, was, through the 
intervention of radioactivity, converted into a series 
of cycles, during each of which relative movements of 
sea and land must occur ; downward movements of 
the continents, associated with positive encroach- 
ments of the sea; upward movements, with retreat 
of the sea, the formation of wide land masses, and the 
ridging of strata to form mountain ranges. Thus he 
forged a link that could unite the continental or 
epeirogenic movement with orogenic or mountain, 
movement. 

The visible parts of mountains and continents, as 
well as their lower and hidden portions, or ‘‘ roots,” 
are made of comparatively light rocks. In order to 
stand up as they do their roots must be embedded in 
denser matter, in which they “ float ” like icebergs in 
water. A far larger mass must exist below than is 
visible above, and the bigger the upstanding part the 
bigger the submerged root. Over the larger area of 
the ocean floor, on the other hand, the thickness of 
material of low density must be very slight, and the 
denser layer must come close to the surface. 

The study of earthquakes, to which the Seismology 
Committee of the British Association has made out- 
standing contributions, has yielded from the times 
taken in transmission of vibrations through the 
earth, the best information as to the nature and state 
of the interior. It has proved that the dense layer is 
solid at the present time. It is probably no coinci- 
dence that the earth is also but just recovering from 
what is possibly the greatest period of mountain 
building, if not the greatest negative movement of 
ocean. retreat, that it has ever experienced. 

But solidity cannot be the permanent condition of 
the substratum. Heat is generated in it by its own 
radioactivity, but, according to the terms of the 
hypothesis, cannot escape, in consequence of the 
higher temperature generated in the continental 
rocks which cover it. It is therefore retained in the 


substratum and stored as latent heat of liquefaction, 
so that, within a period which has been calculated 
approximately in millions of years, complete melting 


The resulting expansion of the liquefied stratum 
will have at least two effeets.of great importance to us. 
In the first place, the un ed superficial layers 
will be too small to fit the swelling interior. They 
will therefore suffer tension, greater on the ocean 
floor than on land, and eracking and rifting will 
occur, with intrusion and extrusion of molten rock. 
In the second place, the continental masses, now truly 
floating in a substratum which has become fluid and 
less dense than before, will sink deeper into it, suffer- 
ing displacement along the rift cracks or other planes 
of dislocation. As a result the ocean waters, 
unchanged in volume, must encroach on the edges of 
the continents, and spread farther and farther over 
their surfaces. 

Thus we have the mechanism which Suess vainly 
sought, causing positive movements of the oceans, 
their waters spreading over wide stretches of what was 
formerly continental land, and laying down as sedi- 
ment upon it the marine stratified rocks which are 
our chief witness of the rhythmic advances of the sea. 

This condition, however, cannot be permanent, for 
by convection of the fluid basic substratum, supple- 
mented by the influence of tides within it, and the 
slow westward tidal drag of the continental masses 
towards and over what had been ocean floor, there will 
now be dissipation of its heat, mainly into the ocean 
waters, at a rate much faster than it has been or 
could be accumulated. Resolidification ensues, and 
again there are two main consequences. First, the 
stratum embedding their roots having now become 
more dense, the continental masses rise, and as they 
do so the ocean waters retreat from their margins and 
epicontinental seas, leaving bare as new land, made of 
the recently deposited sediments, the areas previously 
drowned. Secondly, the expanded crust, left insuffi- 
ciently supported by the withdrawal of shrunken 
substratum, will suffer from severe tangential stress, 
and, on yielding, will wrinkle like the skin of a wither- 
ing apple. The wrinkles will be mountain ranges, 
formed along lines of weakness such as those at con- 
tinental margins; and they will be piled up and 
elevated to suffer from the intense erosion due to 
water action upon their exposed and upraised rocks. 

In this, again, we have a mechanism which supplies 
what was needed by Suess, and one, moreover, which 
secures the required relationship between continental 
and mountain movement, between the broader 
extensions of continental land and the growth of 
mountains with their volcanoes and earthquakes and 
the other concomitants of lateral thrust. 

Thus a thermal cycle may run its full course from 
the solid substratum, through a period of liquefaction 
accompanied by crustal tension, back to solidification 
and an era of lateral stress, and the stage is set for a 
new cycle. 

Professor Arthur Holmes, in checking Joly’s 
calculations, has concluded that the length of the 
cycles in a basic rock substratum should oceupy from 
25 to 40 million years, a period much too short to fit 
the major periods of mountain movement, as deter- 
mined by him from the radioactivity of minerals 
contained in the rocks. On this evidence the Alpine 
movement should date back from 20 to 60 millions of 
years ago, the Hercynian 200 to 250 millions, and the 
Caledonian from 350 to 375 million years. 

In a preliminary attempt to modify Joly’s hypo- 

thesis Holmes postulated the occurrence of similar, but 
longer, cycles (magmatic cycles) in a denser, ultra- 
basic layer underlying the basic one, the rhythm of 
which would be nearer to 150 million years. The 
shorter cycles due to the basic layer are held in part 
responsible for periods of minor disturbance, and also 
to account for the individual variations in effect, 
duration, and intensity of the larger ones. Each of the 
later movements has also evidently been limited and 
conditioned by the results of foregoing ones, and 
especially by areas of fracture and weakness on the 
one hand, and by. large stable masses composed of 
rocks intensely consolidated, or already closely 
packed, on the other. 
More recently Holmes has developed the possibility 
that the loss of heat is mainly due to convection in the 
liquid substrata, and that convection is the leading 
cause of the drifting and other movements of the 
crust, and the disturbances that have occurred in it. 
He says :— 


‘“* Although the hypothesis involving sub-crustal 
convection currents cannot be regarded as esta- 
blished, it is encouraging to find that it is consistent 
with a wide range of geological and geophysical 
data. Moreover, it is by no means independent of 
the best features of the other hypotheses. It 
requires the local operation of thermal cycles within 
the crust, and it necessarily involves contraction in 
regions where crustal cooling takes place. It is 
sufficiently complex to match the astonishing com- 
plexities of geological history, and sufficiently 
startling to stimulate research in many directions.” 


The phenomena are difficult to disentangle as the 
number of operating causes has been so great and 
many of them are not fully understood. But, under- 
lying them all there is unquestionably the pulse within 
pulse which Suess saw and of which Joly pointed the 
way to explanation. 

The view at which we have arrived is neither strictly 
uniformitarian nor strictly catastrophic, but takes the 
best from each hypothesis. As Lyell showed, most of 





of the sub-crust must ensue. 





the phenomena of geology can be matched somewhere 


and sometime on the earth of to-day ; but it would 
appear that they have varied in place, intensity, 
phase, and time. And, as Lyell was driven to accept 
evolution to explain the history of life on the earth, 
so must we employ the same word to express the life- 
processes of the earth itself, as was suggested by 
Huxley in 1869 and strongly advocated by Sollas in 


1883. 








SIXTY YEARS AGO. 


THE word “ torpedo” has had a tortuous existence. 
It is derived from the Latin torpidus, meaning to be numb 
or motionless. Originally it was applied, as it still is in 
zoology, to a species of fish capable of discharging an 
electric shock for the purpose of rendering its enemy 
torpid. In naval phraseology it was later adopted, quite 
fittingly, to designate a boat intended to move beneath 
the surface of the water and fitted with some engine of 
destruction with which to annihilate an enemy ship. In 
this sense it was correctly used in Napoleonic times by 
Fulton whose “ to oes” were actually man-carrying - 
submarine boats. Towards the middle of last century the 
word lost its original connotation. For a time it was used 
to designate a stationary submarine mine. Before its use 
in this sense had quite died out its employment was 
extended to cover the explosive charge carried at the end 
of a boom or trailed from a rope attached to a small launch 
or “‘torpedo boat.” Subsequently when Whitehead 
invented the “‘ fish ” torpedo the name became associated, 
once more correctly, with a self-propelling device moving 
under water and carrying a destructive charge. In our 
issue of September 3rd, 1875, we recalled the original 
meaning of the word torpedo, namely a submarine boat, 
and commented upon the remarkable fact that such a 
promising system of attack should have been permitted to 
sink into total oblivion. Our own knowledge of the 
history of submarine boats seems to have been incomplete. 
We mentioned only two names of men who had been 
associated with the idea, that of Cornelius Drebbel who 
*‘ actually navigated a submarine boat more than two 
centuries since ’’ and that of J. Wilkins, Lord Bishop of 
Chester, who in a book published in 1680 wrote “‘ Concern- 
ing the Possibility of Framing an Ark for Submarine Navi- 
gations ’ and discoursed upon the “ difficulties and con- 
veniences ” of such a contrivance. Of the considerable 
measure of practical success realised by Fulton’s boats 
we said nothing. Torpedo boats, small launches with 
charges at the end of booms or ropes, were at the time of 
writing being built by Yarrow and Hedley and by Thorny- 
croft, but we asked our readers to picture how much more 
effective than such craft would be vessels capeble of 
approaching and attacking their enemy in a completely 
submerged condition. Strangely, perhaps, we missed the 
significance of the Whitehead torpedo, then being deve- 
loped, as a means of arming the submarine. instead we 
drew @ picture of such a vessel equipped with a rifled gun 
in her bows—a gun, say, of the Armstrong 100-Ib. pattern 
—which would be fired under water from a distance of 
ten or twenty feet from the enemy’s hull. Experiments 
some nine or ten years previously had shown that it was 
possible to fire a gun under water. Very simple arrange- 
ments, we thought, would be sufficient to enable the gun 
to be reloaded and refired if the first shot proved inefiec- 
tive. There would be no difficulty in building an iron boat 
in which men could live below water and which could be 
submerged or raised at will. Her propulsion might, how- 
ever, present some problems. We suggested that it might 
be accomplished either by means of a hot water engine, 
after the manner of a fireless locomotive or by a carbonic 
acid gas engine. 
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Water Softening 


and Purification 


Plant at Nottingham. 


HE water softening and purification plant about to be 
described has recently been supplied to the Stanton 
Ironworks Company, Ltd.,at Nottingham, by United Water 
Softeners, Ltd., of Chiswick, London, and provides for 
the complete treatment of the canal water that is fed to 
the boilers. It has a capacity of 240,000 gallons per day 
continuously for twenty-four hours per day. The canal 
water in its erude state is unsatisfactory for boiler feed 
purposes, as it would produce considerable scale formation. 
Its character has necessitated the adoption of lime-soda 
treatment followed by base-exchange softening, after 
neutralising the excess alkalinity. No biearbonates are 
present in the water after the base-exchange softening, as 
they are eliminated by the pre-precipitation treatment. 
The plant includes four stages of treatment. In the 
first stage the water is dosed with lime and soda upon 
entering a steel cylindrical reaction tank, 18f{t. in diameter 
by 28ft. high. The administration of the lime and soda 
is dealt with by reagent feed gear of a new type recently 





——. 








of crude water receives automatically its correct measured 
quantity of chemical reagent, irrespective of the rate of 
flow. 

The reagent solution delivered by the valve is discharged 
into a small dilution tank situated directly under the valve. 
In this tank the chemical reagent is diluted by a jot of 
softened water which is arranged to impinge on the valve, 
thus washing it clean, and at the same time thoroughly 
mixing the chemicals with the dilution water. The 
diluted chemical solution is then delivered by ‘the plunger 
pump into the reaction tank simultaneously with the 
metered crude water. Duplicate tanks with independent 
motor drive, chemical valve and pump, are provided, each 
tank being 6ft. in diameter by 6ft. high, and holding 
sufficient reagent solution for eighteen hours’ working at 
full load. The lime and soda solution is fed to the dosing 
tanks from the preparation tank situated in the chemical 
store. This preparation tank is similar in shape to the 








dosing tanks, but is 5ft. in diameter by 5ft. high, and has 


[ 5*dia. to & from Apron Tank 


as to reduce the velocity of the water before it starts to 
rise in the reaction tank. The reaction tank is of sufficient 
size to give a settling period of 34 hours and a rising speed 
of 6}ft. per hour to ensure the precipitate formed settling 
out. Steel plates are arranged in the form of a cone in the 
bottom of the tank to facilitate the removal of the sludge. 

The plant incorporates a special feature for the removal 
of sludge employing a sludge thickening process, which 
does away with the necessity for large settling tanks. 
During the normal running of the plant the sludge is 
pumped continuously at the rate of about 200 gallons per 
hour from the bottom of the reaction tank into an elevated 
cylindrical tank which has a cone bottom and is situated 
alongside the reaction tank. The rising speed in this tank 
is such that the sludge settles in a thickened form and the 
water overflows from the top through a trough back to the 
downtake chamber. The size of the tank is sufficient for 
twenty-four hours’ accumulation of sludge and the cone 
bottom allows an easy discharge into a truck beneath. 

The water, after the lime-soda treatment, is evenly 
collected at the top of the reaction tank by an arrange- 
ment of troughs, and passes to a small suction tank at 
ground level. At this point the second stage of the treat- 
ment is applied. As the water passes through the tank it 
is dosed with sulphuric acid to neutralise the excess 
alkalinity. The equipment for carrying out this process 
consists of a storage tank for preparing the required 
strength of acid solution sufficient for eighteen hours 
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GENERAL ARRANGEMENT 


patented by United Water Softeners. This gear is situated 
in @ building which also houses marble filters, ‘‘ Permutit’’ 
water softeners, and pumps, with the reagent mixing tanks 
in a separate room, where also a store of chemicals is 
accommodated. The equipment consists primarily of a 
cylindrical tank fitted with stirrers driven through reduc- 
tion gearing by a small electric motor which‘also operates 
a specially designed plunger pump. 

The canal water before entering the reaction tank passes 
through a “‘ P.M.” water meter provided with a contacting 
device which closes an electric circuit for a short period 
after a predetermined quantity of water has passed. When 
the electric circuit is closed a powerful sclenoid, which is 
fitted on the tank, is energised. The chemical reagent 
solution is measured by means of a “ Lassen-Hjort ” 
positive chemical valve. This valve is attached to the side 
of the tank in a small valve chamber, which allows easy 
access for adjustment. The valve spindle is directly 
connected to the solenoid situated above. The valve is of 
the piston type and is capable of discharge adjustment 
over & wide range. This discharge, when once set, remains 
constant, irrespective of the head of the solution in the 
tank. It will thus be seen that the lifting and closing of 


the valve are performed electrically through the medium 
of the solenoid, which is energised every time the water 
meter closes the electric circuit. 


Each measured quantity 
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OF WATER-SOFTENING AND PURIFICATION PLANT 


an independent motor mounted on the top of the tank, 
which, through a worm reduction gear and cross shaft, 
operates a plunger pump which delivers the prepared 
solution into either of the dosing tanks. A perforated 
rotating slaking basket mounted on a vertical shaft fitted 
with agitators is provided in the tank. The shaft is sup- 
ported by a thrust bearing at the top and guided by a foot- 
step bearing at the bottom and is driven through bevel 
gears from the cross shaft. Fixed rakes are provided in 
the basket to turn over the lime while it is slaking and to 
mix the chemicals while the basket is rotating. 

The water supply to this tank is fed through spray pipes 
fitted in a vent flue at the top of the tank situated directly 
above the rotating basket. The water spray also serves 
to condense the fumes that may pass up the flue while the 
lime is being slaked. The tank is provided with a cover 
plate, part of which, hinged and fitted with a balance weight 
and wire rope, provides easy access for charging the 
rotating basket with the lime and soda. 

The water and the chemicals from the dosing tanks dis- 
charge tangentially into a circular downtake chamber 
extending to within a short distance of the bottom of the 
reaction tank. The size of this chamber and the swirl 
created at the top ensures the chemicals being thoroughly 
mixed with the water and the necessary reaction i 
place. The bottom of the downtake chamber is so designed 
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SECTION B.B. 


AT STANTON IRONWORKS 


continuous working at full load. From this tank the acid 
is fed to a constant level dosing tank controlled by a float. 
A positive discharge valve controls the acid dose. This 
valve is operated by a solenoid connected directly to the 
valve spindle and mounted on a bracket at the top of the 
tank. The solenoid is controlled by an electric circuit 
which is closed by the meter in the crude water main, to 
which reference has already been made. Each time the 
meter closes the circuit the positive valve discharges the 
required quantity of acid solution into the tank. In view 
of the importance of the accurate control of the acid, the 
gear installed provides a positive control, and because of 
the character of the solution handled, special earthenware 
tanks and selected materials for the valves and fittings are 
used. 

A direct-coupled motor-driven centrifugal pump delivers 
the water from the small suction tank to two pressure type 
marble filters which provide the third stage of the treat- 
ment. These units are mild steel riveted cylinders, 7ft. 
in diameter by 4ft. 3in. high on the straight, and are pro- 
vided with external contro! valves and piping, an internal 
distributing system, a collecting system, beds of specially 
selected marble chippings, and layers of graded gravel to 
support the marble. Each unit is provided with two pres- 
sure gauges mounted on a panel and a steam-operated air 





injector for the preliminary agitation of the marble beds. 
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These filters clarify the water and retain any fine precipi- 
tate that may have been carried over from the reaction 
tank. The marble serves to reduce the silica content in 
the water and also ensures the complete neutrality of the 
water after the pre-treatments. 

The passage taken by the water when reaching the inlet 
of the filters at the top of the cylinders is downward, 
through the bed of marble chippings which is supported 
on several grades of selected gravel, the whole of which is 
carried on a concrete base at the bottom of the cylinders. 
The water is evenly distributed before passing through the 
marble by a circular trough fitted some distance above the 
marble. Embedded .in the bottom grade of gravel and 
directly above the concrete base is a collecting system, 
incorporating @ main header pipe running from the front 
to the back of the unit. Branching off from this header at 
short intervals are pipes running laterally across each 
unit, and in each of these lateral pipes, again at short 
intervals, are phosphor-bronze strainers designed to ensure 
the even collection of the water and, what is equally 
important, to distribute the water used when each unit is 
backwashed. 

After the filters have been working for a day or so and 
have don their duty, the suspended matter from the water 
which has accumulated on the surface of the marble bed 
sets up @ resistance to the flow, which is indicated by the 
differential pressure shown on two pressure gauges mounted 
on the front of each filter. One gauge gives the pressure 
at the inlet of the filter and the other at the outlet. When 
these gauges show a difference in pressure of 12 lb. per 
square inch the beds of the filters are back-flushed in the 
following manner. By means of the steam-operated 
injector a supply of air at low pressure is caused to enter 
the collecting system in order to create a disturbance of the 
inarble bed. » The effect of this air is to produce a scouring 
and cleaning action as a result of each particle of marble 
rubbing one against the other. After about three minutes 
the injector is shut off and a supply of clean water at high 
velocity is made to flow in the same reverse direction, 
namely, upward. This water removes from the top of the 
marble bed all suspended matter which has been left there 
or in any other part of the bed. The wash water is passed 
out into a wash-out trench, taking with it all the suspended 
inatter, and thereafter flows into a concrete sludge tank, 
where it is allowed to settle. The clear water is then drawn 
off by a pump from the surface through a floating suction 
pipe and is delivered into the downtake chamber of the 
reaction tank for re-clarification. As this water has already 
been pre-treated, it is advantageous to recover it. The 
sludge which settles in the concrete sludge tank is periodic- 
ally dug out and removed. 

The installation provides for the supply of the high- 
velocity water that is required for cleansing the filters. 
For this purpose a small proportion of the water is taken 
as it leaves the filters and passed to an “apron tank ”’ 
situated round the top of the reaction tank. The apron 
tank has a capacity sufficient for washing the two filters. 
A pipe line between the filter outlets and the apron tank 
is so arranged that it also serves for filling the tank at a 
slow rate with clean water during the normal working of 
the plant. One valve only in this pipe line has to be 
operated, and is opened only when the filters are to be 
washed. At the apron tank a branch from this pipe is 


After the ‘‘ Permutit ’’ softeners have passed 10,000 
gallons per hour for several hours the base-exchange bed 
becomes exhausted and requires regeneration. This pro- 
cess is effected by passing through the softeners a solution 
of common salt. The effect ofrthis solution on the bed of 
base-exchange material is the removal of the calcium and 
magnesium salts, which leave the plant in the form of 
calcium and magnesium chloride, 7.e., a perfectly clear 
solution. The sodium of the sodium chloride replaces the 
sodium in the base-exchange material, thus leaving the 
bed completely revivified. 

A timber salt tank is provided for preparing the brine 
for regeneration. It incorporates a circulating arrange- 
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LIME-SODA REACTION TANK 


ment for easily dissolving the salt. In order to ensure 
economy in the use of brine, after the solution has been 
used once it is returned to a compartment of the salt tank 
known as the “ old brine compartment,” and at the next 
regeneration is used again before being passed down the 
drain. The salt tank has therefore two compartments, one 
for holding the returned brine and the other the new bririe 
which has been prepared by dissolving the required 
quantity of salt. The brines are delivered to the “ Per- 
mutit”’ units by a steam-operated injector and pass 
through the base-exchange material in a downward direc- 





tion. After this operation all traces of salt are washed out 








DOSING 


connected through a non-return valve to the bottom of the 
tank to permit only a down flow from the tank. The main 
continues to the top of the tank, where a float valve is 
arranged to discharge the water into the tank, so that 
when the tank is full the supply is automatically shut off. 

When the water leaves the marble filters it is released 
under pressure by the pump that delivers the water 
through the filters and passes to the final stage of the 
treatment. This final stage consists of removing the 
remaining hardness in the water, and is achieved by 
** Permutit ’’ base-exchange softeners, comprising two 
units 5ft. in diameter by 7ft. 6in. high on the straight. 
The actual passage of the water through these softeners is 
effected in exactly the same way as that described for the 
marble filters. The internal construction of the units is 
also very similar except that instead of a bed of marble 
chippings thers is a of “ Permutit ” base-exchange 
material. During the passage of the water through the 
softeners the whole of the calcium and magnesium is com- 
pletely eliminated and a water of zero hardness leaves the 
plant. The most interesting feature of this. part of the 
process is that, during the cycle of operations no mud or 
sludge is formed. 











BASE EXCHANGE SOFTENERS AND MARBLE 
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of the beds by opening the normal water inlet valve and 
running the effluent to drain until a satisfactory test indi- 
cates that the water is soft, when the unit is again placed 
into normal operation. 

The water leaving the softeners is delivered ready for 
use into a feed water tank controlled by a float valve. A 
complete equipment is provided for testing the water during 
the progress of treatment, so that the attendant can 
determine any adjustments required to meet variations in 
the character of the water and decide when necessary 
operations should be carried out, such as regenerating the 
base-exchange material. 








As related herein on June 7th last, the Trades Union 
Congress was to endeavour, through the Railway Clearing 
House, to secure that workmen’s tickets should carry 
with them full liability in respect of accidents. After two 
interviews with the Railway Clearing House, the latter 
has now intimated that it is unable to see its way to vary 
the existing condition respecting liability attached to 
workmen’s tickets. 








The World’s Metal Production and 
Consumption in 1934. 


THE recovery from the depression in the production 
and consumption of non-ferrous metals throughout the 
world since the record year of 1929, which began in 1933, 
was continued in 1934, although the high level attained 
in 1929 was far from being reached last year. As is shown 
by the statistics annually collected by the Metall Gesell- 
schaft of Frankfort-on-Main, the movement in the past 
two years has been decidedly in an upward direction, and 
it is stated that reasons exist for the hope that this 
tendency will make further progress. 

During the economic retrogression between 1929 and 
1932 the consumption of all metals diminished more 
largely than the production, but this process has changed 
since the start of the fresh upward movement. Both for 
1933 and 1934 the statistics of the consumption indicate 
@ materially larger increase than the figures of the produc- 
tion in relation to the year 1929. The accompanying 
table illustrates the course of works’ production end world 
consumption of the five metals under consideration for 
the record year 1929 and the past three years :-— 


Works’ Production in Metric Tons. 











1934 1933 1932. 1929. 
Lead -. 1,323,000 | 1,152,400 | 1,151,700 1,742,200 
Copper 1,273,200 | 1,036,200 929,100 1,894,700 
Zine 1,178,100 987,700 783,000 1,457,400 
Tin me 124,400 101,300 107,400 195,100 
Aluminium 170,400 141,900 153,800 276,800 
World Consumption in Metric Tons. 
Lead 1,363,900 | 1,199,300 1,099,800 1,702,600 
Copper 1,272,900 | 1,068,300 902,800 1,761,400 
Zinc .. 1,161,100 | 1,024,400 836,200 1,440,300 
Tin 140,400 144,900 115,700 183,800 
Aluminium 161,000 140,400 276,000 


229,300 





A comparison of the world production and consumption 
at once shows the very favourable position occupied last 
year by aluminium as fully one-fourth of the requirements 
had to be met by having recourse to the stocks. In tin 
the reduction in the stocks amounted to one-tenth of 
the consumption, but in the case of lead the decline in 
stocks only amounted to 3 per cent. of the production. 
With copper, consumption and production were about 
on @ level, so that further decreases in the stocks did not 
take place, and with zinc, a beginning was made upon the 
accumulation of stocks. The controlling arrangements 
of the international cartels for aluminium and tin were 
very effective during the year, while those for copper and 
lead gave way under the crisis, and even the zinc cartel, 
which existed until the end of 1934, was only able to 
exercise limited activity. On the subject of prices, it is 
noted that tin producers were able to raise prices, 





but further price decreases took place in aluminium, and 











FILTERS 


the depression in the prices of the other three metals 
remained. 

The first remarkable fact shown by the statistics is 
the retrogression in American metal production to a 
position behind the average for the whole world, on the 
one hand, and the favourable development of Continental 
Europe on the other. The increase in the Continental 
output of tin is explained by the expansion in the Dutch 
and Belgian industries on the basis of their colonial ores. 
There was also a development of copper in Yugo-Slavia 
and of aluminium and lead in Germany and Italy. 

In the British Empire the production, excluding 
aluminium and tin, experienced a favourable development, 
especially in the case of copper, as @ result of the expansion 
in Rhodesia and Canada. The output in Rhodesia rose 
from about 6000 tons in 1929 to 140,000 tons last year, 
and in Canada from 75,000 tons to 152,000 tons. An 
upward movement also took place in Russian metals, 
although the absolute figures of the output are compara- 
tively small. In aluminium and zinc the production last 
year was dominated by the European Continent, where 
55 per cent. of the aluminium and 43 per cent. of the 
zine was produced. In the case of lead and copper, the 








250 


THE ENGINEER 





Sept. 6, 1935 








American districts of production participated to the 
extent of 36 per cent. and 45 per cent. respectively of the 
world output, while in tin the British Empire occupied 
the first place with 63 per cent. of the world production. 








A Flash Welder for Motor Car 
Body Panels. 


Wuar is claimed to be the first automatic flash welding 
machine built in Great Britain for motor car body assembly 
has been produced by the AI Electric Welding Appliance 
Company, of 64, Victoria-street, S.W.1. It has been 
installed in the works of the Pressed Steel Company, 
Litd., of Cowley, Oxford, and is used for the assembly 
of a 1936 monopiece saloon body. It is arranged for 
the front end assembly, namely, the two side panels 
and front panels, and the total welding time is eight 
seconds. The output is forty bodies per hour. Once the 
panels have been loaded on the machine, the welds are 
produced automatically, and no skill is called for. 
Two units mounted on a common bed-plate, as shown 
in the illustration, comprise the complete machine, which 
weighs 15 tons. Each unit has its own transformers, 
which maintain the flash or are over the entire width 
of the seam. To ensure uniformity in the contour of the 
body seam, massive clamps and dies finished to high- 
precision limits are provided. They are pneumatically 
operated, and are governed by the control pillars at the 
front of the welder. With an oscillating movement of 
90 deg. the clamping on the moving head in each unit 
passes through the door openings and brings the side 
panels into definite alignment. 

The upsetting mechanism is fitted with cams driven 
through infinitely variable-speed gearing, and applies 
the correct flash and upsetting combination to the weld. 
While accurate trimming of all the panel edges is essential, 
this is substantially compensated for by the rapidity with 
which the welders operate, and the reduction in assembly 
time as compared with that required for making 
other forms of welded joint. After the parts have been 
clamped in position, the current is switched on and the 
flashing and upsetting mechanism is set in action. This 
causes the side panels to approach the front or rear panels 
at a predetermined speed, and the arc is maintained for 
approximately eight seconds, when the current is cut off 
and the forging or upsetting pressure is applied auto- 
matically. Once the machine is set in motion no further 
attention is required from the operator, the process being 
entirely automatic. The inclusive time for loading the 
machine with panels, the welding operation, and un- 
loading, does not exceed two minutes. No prepara- 
tory or subsequent treatment is required on the panels 
other than the removal by disc grinders of the small 





design was built for power station work in Copenhagen, 
which has now been in successful operation for some time. 
The new engines are very economical in fuel consumption, 
and it is expected that the machinery of the “ Stirling 
Castle ’* will compare in every way with the economies 
made possible by a high-pressure steam installation. 


ENGINES OF THE “STIRLING 


The first large motor liner for the Union Castle Line was 
the “ Carnarvon Castle,’’ built in 1927, which was followed 
by the “* Winchester Castle ” in 1930 and the “ Warwick 
Castle” in 1931. All these ships are propelled by double- 
acting, four-stroke engines, and it is satisfactory to record 

















FLASH -WELDER FOR MOTOR 


upset fin on the outside of the body after welding, the 
upset on the inside being allowed to remain. After grinding 
the position of the weld cannot be detected from the 
outside. 

Mechanisms incorporated in the machine enable the 
direction of welds to be varied to suit the type of body 
being worked upon. The clamping mechanisms are auto- 
matically interlocked to prevent welding being started 
before the panels are properly located. 








The Engines of the Union Castle 
Liner Stirling Castle. 


In a Journal note in our issue of August 23rd, we made 
a short reference to the successful launch of the new 
25,000-ton, 725ft. motor passenger liner “‘ Stirling Castle ”’ 
from the Belfast Yard of Harland and Wolff, Ltd. Above 
we reproduce a view taken in the Belfast engine shops 
showing the engines of the new vessel in course of erection. 
They are of the latest double-acting, two-stroke type, 
each having ten cylinders with a bore of 29-98in. and 
a stroke of 59-05in. They work on the airless-injection 
principle, with a tuned scavenge air system, and waste- 
heat recovery. It will be recalled that the first engine of 
this type was fitted in the Burmeister and Wain motor 
vessel, ‘‘ Amerika,” and that a very large unit of similar 





Car Bopy FANELS 


that since they were placed in commission not one of 
them has ever missed a voyage through engine trouble, and 
that all have regularly maintained their schedules. 








Photo-Electric Reflection Meter. 


A PORTABLE photo- eh tric reflection meter has recently 
been introduced by Salford Electrical Instruments, Ltd. 
(an associated company of the General Electric Company, 
Ltd.), for the purpose of measuring the approximate 
reflecting power and colour properties of paper, porcelain 
and other ceramic substances, textiles, powders, paints, 
&c. Variations in surface texture of different samples 
of the same material—for instance, in the manufacture of 
polished or matt glass, wood, or metal—and the trans- 
mission and absorption of glasses, liquids, and other 
materials can also be measured. One application that 
will be found of interest by illuminating engineers is the 
measurement of the reflecting power of ceilings, walls, &c. 
The reflection meter, illustrated herewith, consists of a 
lamp with a dry battery, rheostat and switch; a photo- 
electric cell of the rectifier type; and a portable micro- 
ammeter connected by flexible leads. The whole equip- 
ment is housed in a wooden box, measuring 7}in. by 5}in. 
by 34in., and weighs less than 3 lb. The Jamp and photo- 
cell unit, which is the only part to be applied to the 
surface under examination, weighs only a few ounces. 








The photo cell is annular in form, the central aperture 
being fitted with a small lamp bulb arranged so that no 
direct light falls on the cell. The whole unit is mounted 
in a small metal holder, so that light is reflected on to the 
cell from the surface on which it is placed. The current 
generated is proportional to the light reflected, which is 


Seay tt 


CASTLE’’ DURING ERECTION 


indicated immediately by the micro-ammeter. In prac- 
tice the holder is placed on # surface of known reflection 
factor—or with which comparison is desired—and the 
lamp current is adjusted by means of the rheostat until 
the pointer of the micro-ammeter indicates 100 per cent. 
A suitable standard surface is given by freshly prepared 
magnesium oxide, for which a nickel- plated dise is pro- 
vided as a base. The maximum reading should be checked 
occasionally so as to allow for any reduction of the battery 
current during use. If it is required to measure colour 
differences, colour filters may be inserted between the 
cell and a measured surface, while for measurements of 

















REFLECTION METER 


transparency the transparent substance should be measured 
first on a black and then on a white surface. 

The accuracy of the meter is ample for a great many 
purposes, although scientific accuracy is neither attained 
nor claimed. For the direct and quick testing of surfaces 
in connection with illumination values, &c., the appa- 
ratus should be found very useful as it is portable and 
self-contained, and easy of application. It is chiefly 
intended for the comparative measurement of the reflect - 
ing properties of flat surfaces of similar colour and finish. 








A Bench Drill and a Bench Grinder. 


THE manufacture on a large scale of a range of small 
electric tools has been begun by Higgs Motors Ltd. of 
Birmingham. At present the range is confined to the 
two tools illustrated herewith, a bench drilling machine and 
a bench grinder. 
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The drillmg machine is driven by a squirrel-cage 
induction motor or alternatively by a compound-wound 
direct-current motor, the power in either case being 
} h.p. at 1425 r.p.m. The motor may be started directly 
by means of a built-in switch. It is mounted on a cast 
iron base which slides vertically on a steel pillar. The 
feed is applied by means of an operating handle which 
moves the motor and its base down the pillar against the 
balancing action of a coiled spring. The drill chuck 
will accommodate drills up to }in. diameter and may be 
fed downwards by the operating handle through a distance 
of approximately 3in. The base of the machine is 1lin. 
square and permits circular work up to 8in. in diameter 

















BENCH DRILL 


to be drilled. From the base to the chuck the height may 
be adjusted up to a maximum of 8in. The weight of the 
tool is 95 Ib. 

The bench grinder is driven by a D.C. or A.C. motor 
rated at } h.p. when running at 2800 r.p.m. The motor 
is totally enclosed in a dust-excluding housing and is 
mounted on a cast iron base in which two water pots are 
formed. The base is shaped to form a protection for the 
starting switch and carries adjustable work rests and 
wheel guards of which the second named are in conformity 
with the requirements of the Home Office specification. 
At each end the motor shaft carries a general-purpose 
grinding wheel, one of these wheels being }in. wide and 
of fine grit while the other is fin. wide and of coarse grit. 


friction clutches, while an independent circulating water 
pump is included to supply the auxiliary engine and the 
compressor, as well as the water-cooled silencer, which 
will be seen at the top of the engine. All the parts of the 
unit which may come into contact with sea water are 
made of special bronze to resist the unusually corrosive 
water found around New Zealand, and the fabricated 
steel base plate incorporates a sump for engine oil. The 





MARINE AUXILIARY SET 


main and auxiliary machinery was supplied through 
Petters’ New Zealand agents, A. and T. Burt, Ltd., of 
Auckland. 








Relationships in Cast Iron Test 
Results.* 
By G. L. HARBACH (Member). 


INTRODUCTION. 


THE suggestion that cast iron is unreliable is to some 
extent justified when compared with a simple material 
like steel as, owing to the number of variable factors 
which operate in the production of iron castings, it is 
difficult to duplicate results exactly. However, if the 
extent of the variations can be determined, the resulting 
knowledge narrows the uncertainty to a known range ; 
confidence on the part of designers is promoted and the 
large safety factors, generally considered necessary when 
using cast iron, may be modified. 

There are a number of popular ideas regarding cast 
iron leading to the idea of unreliability which it was felt 
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BENCH GRINDER 


A removable tapered false nose designed to carry a polish- 
ing mop or similar fitting can be screwed to one end of the 
shaft without the removal of the grinding wheel. 








Oil-Engined Tug for New Zealand. 


Tut New Zealand Refrigerating Company, Ltd., of 
Christchurch, New Zealand, has recently had iis wooden 
lightering tug, the ‘‘ Turangi,” converted from steam to 
oil engine propulsion, by the fitting of a Petter Atomic 
direct air-reversing, three-cylinder oil engine of 145 b.h.p. 
output. The main engine is of the makers’ standerd 
type, which has already been described in THE ENGINEER, 
but one of the auxiliaries is worthy of special notice. A 
view of this unit is reproduced herewith. 

The compact arrangement of the unit is obvious at a 
glance, and it is the direct result of careful thought. 
Although the unit includes a 6 b.h.p. engine, a Pearn 
quadruple-acting plunger pump of 3500 gallons per hour 
capacity, and Hamworthy compressor, having a displace- 
ment of 13-5 cubic feet per minute, the overall dimensions 
of the combined set are only 5ft, 4in. by 3ft. 3in. by 
4ft. 8in. Other features of interest are that the engine 
main bearings are of the heavy-duty roller-type, making 
luorication simple and giving an indefinitely long life 
to the crankshaft and bearings without the necessity for 
taking up wear from time to time. The set has all the 
usual features of a marine combination plant, the pump 
and compressor being driven through hand-operated 








justified examination first to find if they were true, and, 
if so, to what extent they operated in the mixtures under 
the author’s control. Several investigations have been 
carried out on these and other points, mainly in the direc- 
tion of establishing relationships, with a view to finding 
out the nature of any variables. 

The most hopeful investigator of cast iron will admit 





any one series, the number of tests being quoted in most 


cases. Furthermore, to reduce variables, all the bars 
dealt with were cast on end in green sand except the high- 
test irons, which were mainly cast in dry sand. They were 
made by drawing the pattern out full length, thus avoiding 
the interference of a joint and providing bars practically 
true to shape. Unless stated otherwise, the only treatment 
was lightly grinding on a fettler’s grinding wheel in the 
usual manner. 


Errect or IncorREct Size ON TRANSVERSE BREAKING 
Loapb. 


The most common test applied to cast iron is the trans- 
verse test. Being cheap, simple, and speedy, it is favoured 
for routine testing. It may be carried out to give, apart 
from transverse strength and deflection, valuable informa- 
tion on the properties of toughness, elasticity, and 
resilience as shown by Pearce.! 

-Up to 1928 the standard test bars were either 2in. 
by lin. by 36in. or lin. by lin. by 12in. Specifications 
called for a minimum breaking load and occasionally 
minimum tensile strengths according to the wishes of 
the purchaser or inspector. The now familiar three round 
bars were then adopted and the B.S.I. Specification issued 
covering two grades of iron with minimum transverse 
and tensile strengths. Prior to this, the author, whilst 
experimenting with mixtures for high-duty work, found 
it necessary to use round test bars to avoid the chill 
which invariably oceurred in the (then) standard rect- 
angular bars. The size finally selected was 1-655in. 
diameter (1fin. for practical purposes) broken at a span 
of 24in., which should theoretically break at the same 
loads as the 2in. by lin. by 36in. bar, thus giving results 
in terms familiar to all concerned—a point of importance 
in the foundry, where, as a rule, strength was (and often 
still is) considered in terms of the 2in. by lin. bar. 

The 1%in. diameter bar is still used as it has its scope 
of usefulness, being almost midway between the M and 
L bars of the standard specification, but what is likely to 
be more important, if the E value is included in cast iron 
specifications, the span/diameter ratio is practically 
identical with the S and M bars of the specification, and 
also a suitable tensile bar contains almost the same 
proportion of the original bar, neither of which can be 
said of the standard L bar. Table I shows the relative 
sizes, &c., of the four bars, and it is suggested that when 
the cast iron specification? be revised the extra bar might 
be considered as a useful addition tc the series. 

Whilst the foundryman uses the transverse test as a 

routine test, the engineer as a rule prefers to consider 
tensile strength as a basis for design. If a ratio between 
transverse and tensile strength can be established, it 
would enable both foundrymen and engineers cheaply 
and readily to obtain the results most suitable for their 
respective purposes. Such a relationship requires that 
both properties be in the same terms—generally tons per 
square inch. This is usual for tensile, but the breaking 
load in transverse requires converting to modulus of 
rupture by a formula, which takes into consideration the 
shape, size, and span of the test bar. For this purpose, 
it is essential that the bar be measured accurateiy, as 
the slight, but inevitable, variations in size, even when 
using the same pattern, will cause comparatively wide 
differences in breaking load. When the 2in. by lin. bar 
was used, it was usual to allow 1 ewt. per 4in., which 
was fairly close for small differences when the breaking 
load was from 30cwt. to 35cwt. Using the M bars for 
Grade A iron, 0-025in. will affect the breaking load about 
100 Ib., or 1-2 tons modulus of rupture (5 per cent. error), 
and with an iron of 16 tons tensile about 1601b., or 
1-8 tons (6 per cent. error), so that for routine testing, 
when using the same size of bar for comparing different 
mixtures, the corrected breaking load is necessary, and the 
modulus of rupture must be determined to compare the 
results of bars of different shapes. The B.C.I.R.A. 
recommendation (see Pearce)* that modulus of rupture 
be used for reporting transverse strength is strongly 
supported, and this method is used by the author. 
It is an advantage to have a chart with the correction 
factors for most of the variations of standard bars, and this 
is given in Table II, together with the formula and factors 
for calculating the modulus of rupture. Columns 2, 5, 
and 8 give the factors for calculating breaking load to 
correct size, and columns 3, 6, and 9 the factors for calculat- 
ing modulus of rupture direct from the breaking load of 
bars of incorrect sizes. 


RELATION BETWEEN TRANSVERSE AND TENSILE 
STRENGTHS. 


From an examination of a series of tests the following 
conclusions regarding transverse and tensile relationship 
are reached by the author. The ratio falls with increasing 
strength from 2-3 at 10 tons tensile to 1-6 or less at over 
20 tons tensile, but is not constant for any particular 
range of strength within closer limits than +8 per cent., 
except when produced under closely controlled conditions, 
when, from a mixture of predetermined strength, a normal 





the work is difficult. The attainment of reliable results 


transverse result will generally indicate a normal tensile 


Tasie 1.—Typical Breaking Loads and Relative Sizes, &c., of Three Standard Test Bars with Extra W.S. and 2in. by lin. Bars for 




















Comparison. 
| Transverse. Tensile. 
| Diameter, Span, Span Typical Diameter, Area, Proportion of 
Bar inches. inches. Diameter. breaking inches. | square inches. original bar, 
loads, Ib. j per cent. 
— J t I ———EE —_ 
S. 0-875 2 | 13-7 1,360 0-564 0-25 41-7 
M. 1-2 | 18 15-0 2,310 0-798 0-5 44-4 
L. 2-2 18 8-2 11,770 1-785 2-5 66-0 
Ww-S 1-655 24 14-5 4,020 1-13 1-0 46-7 
2in. by lin. = 36 _— 3,67 _— — — 


under working conditions in any direction, is always 
liable to be disturbed by the introduction of some 
unexpected factor, apart from the inevitable variations 
in the material. It is for this reason that all conclusions 
are based on the average of all the results available in 





* Institute of British Foundrymen, Sheffield, July 2nd, 3rd> 
4th, and Sth, 1935.—Abridged. 


strength. Machined transverse bars are higher in strength 
than bars tested “as cast,’ thus giving higher ratios— 
a difference which increases with increasing strength. 

On the whole, it is felt that for irons in which strength 
is an important feature, the transverse test is a useful 
guide for routine tests, but for all other purposes the 
determination of tensile strength is preferable to estima- 
tion from transverse strength, particularly as engineers 
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think of strength in terms of tensile, and therefore by 
this method will more readily appreciate the improved 
properties of cast iron and the high strengths now avail- 
able. Moreover, tensile will probably prove the more 
suitable means of classification when the high-strength 
irons are included in a standard specification. 


Errect oF SURFACE CONDITION ON THE TRANSVERSE 
RESULT. 

It is well known that the breaking load of a test piece is 
affected by the surface finish, but against this, so far as 
cast iron is concerned, it is popularly believed that the 
skin is the strongest part of a bar, although usually in 


wheel was wearing smooth, something approaching a 
machined finish might be obtained to the advantage 
of the bar. Table III gives the results of different sizes 
of bars from high and medium-strength mixtures tested 
““as cast” (normal fettling), and after machining to 
various diameters. The S bars were from duplicates, one 
as cast and one machined; the M bars were from top 
and bottom halves of 26in. bars machined and tested 
at 12in., previously tested “as cast’? at 18in., and the 
lgin. bars were from top and bottom halves of 26in. bars 
machined and tested at 12in., previously tested “‘ as cast ” 
at 24in. The difference due to shorter span would be much 
less than the increases shown, and does not affect direct 





Tasuie Il.—Factors to Calculate Transverse Breaking Load at Correct Size and Modulus of Rupture, from the Breaking Load of Bars 
of Various Diameters. 


actual breaking load x standard diameter® 





Corrected breaking load = 


N ! i inch= 
fodulus of rupture in tons per square inch= Ee, dia. Tx x0: “0982 X 3340 


actual diameter? 
Load in lb. X span in inches 























S. bar. M. bar. L. bar. 
| _ Breaking Breaking Breaking Breaking | Breaking | Breaking 
| load to load load to load to load to load to load to 
Diameter. | at 0-875”D. | modulus of | Diameter. load at modulus of | Diameter. load at | modulus of 
rupture. 1-2" D. rupture. 2-2°D. | rupture 
0-77 | 1-469 0 -02990 1-10 1-298 0-01521 2-10 | 1-150 | 0-002210 
0-78 | 1-413 0-02878 1-1l 1-264 0-01491 2-11 1-134 i 0-002180 
0-7 1-358 0 -02765 1-12 1-230 0-01452 2-12 1-117 | 0-002150 
0-80 1-308 0 -02663 1-13 1-198 0-01413 2-13 1-103 | 0-002115 
0-81 1-261 0 -02568 1-14 1-166 0-01376 2-14 1-087 |  0-002090 
0-82 1-216 0-02477 1-15 1-136 0-01341 2-15 1-071 0 -002060 
0-83 1-172 0 -02385 1-16 1-107 0-01307 2-16 1-056 0-002030 
0-84 1 130 0 -02300 1-17 1-079 0-01274 2:17 1-041 0-002000 
0-85 1-091 0-02220 1-18 1-052 0-01242 2-18 1-027 0-001975 
0-86 1-053 0-02143 1-19 1-025 0-01210 2-19 1-014 0-001945 
0-87 1-018 0-02072 1-20 1-000 0-01180 2-20 1-000 | 0 -001922 
0-875 1-000 0 -02036 1-21 0-976 | 0-01151 2-21 0-987 0-001895 
0-88 0-984 0-02003 1-22 0-952 | 0-01124 2-22 0-974 0-001870 
0-89 0-951 0-01935 1-23 0-930 0-01096 2-23 0-961 0-001845 
0-90 0-920 0-01871 1-24 0-906 0-01069 2-24 0-947 0-001818 
0-91 0-889 0-01809 1-25 0-884 0-01043 2-25 0-935 0-001795 
0-92 0-861 0-01751 1-26 0-864 0-01019 2-26 0-924 0-001773 
0-93 0-834 0-01696 1-27 0-845 | 0-00997 2-27 0-912 0-001750 
0-94 0-808 0-01643 1-28 0-826 | 0-00973 2-28 * 0-900 0-001727 
0-95 j 0-782 0-01592 1-29 0-806 | 0-00950 2-29 0-888 0-001703 
0-96 } 0-758 0-01541 1-30 0-787 } 0-00928 2-30 0-876 0-001681 
0-97 | 0-734 0-01494 — — — — — — 


ExamPLe.—Breaking load of 2570 Ib. with 1 -22in. diam : 
per square inch, modulus of rupture ; or 2570 x 0-01124=28-9 t 


such a case the surface is bound to be rough. Transverse 
tests were carried out to find the difference between bars : 

(a) As removed from the mould and adhering sand 
removed by a wire brush. 

(6) Fettled in the normal manner by lightly grinding 
so that all sand and roughness were removed, but in the 
main with the skin left intact. 

(c) By grinding more than usual to remove the skin 
entirely (actually 0-Olin. to 0-02in.). 

(d) By machining to various depths. 

With the exception of the machined bars, pairs of bars 
were cast in each case, one being treated normally (b), 
and the other having the special treatment (a) or (c). 


2570 x 0-952 = 2445 lb. on 1-2in.diam.; 2445 x 0-0118=28-9 tons 
ons per square inch, modulus of rupture. 


comparisons between the same size bars from different 
mixtures. 

The largest mean increase is associated in each case, 
for the same machining, with the higher strength iron, 
although in some individual bars of medium strength 
iron gains of up to 31 per cent. occur. In no case, even 
when machined from 1-65in. diameter to 1-3in. diameter 
in a 14-ton iron or to lin. diameter in the 18-ton iron, did 
the results from the machined bar fail to exceed the result 
of the bar tested “‘ as cast.” 

No further results are available in this series, but they 
are sufficient to show that machining of high-strength 
bars is to be recommended if the real strength is to be 





Sasa Il. Mer xe’ of Machining { Transverse Bars. 












































No. of Diameter, inches. | Tensile. Modulus of rupture, tons per Gain, per cent. 
bars. | square inch. 
ia Sais a Cast. ; Machined Tons per sq.in.| ‘As cast. Machined. | Mean High. Low 
Sco) OB py ei sary 15-1 28-3 30-9 9 18 4 
1 0-88 | 0-8 | 20 approx. 28-4 36-1 | 27 _ _ 
.., + sone = | 14-7 | 26-1 28-8 | 10-5 11 10 
3 | 1-2 pare 21-1 Res? | 40-2 17 28 9 
assis neice aeons j = a | 
3 1-2 0-9 | we). ee] 29-5 | 13 20 7 
i 1-65 1-6 17 approx. | 24-1 29-3 21 _ — 
3 1-65 | 1-5 | I4approx. | 23-6 | 28-2 19 30 16 
3 1-65 | 1:3 | Mapprox. | 23-6 | 28-3 20 3i 13 
l 1-65 | 1-5 | 18 approx. | 23-6 =| 35-8 25 | — — 
I 1-65 1-4 | I18approx. | 29-8 36-6 23 _ | 
1 1-65 1-3 | 18approx. | 28-6 34-3 20 — - 
2 1-65 1-2 | l8approx. | 30-0 35-8 19 18 21 
1 1-65 1-0 | 18approx. | 30-1 | 2-8 9 — 
1 





Spans Used in Above Tests. 





1 j 
Diameter. As cast. Machined 
Inches. | Inches. | Inches 
0-88 12 | 12 
1-2 18 12 
165 | SBiocif 12 


The following summarises the results obtained in tons per 
square inch modulus of rupture :— 
Mean of 12 bars treated normally (6) ; 
Mean of 12 bars with skin untouched ) 
Mean loss by no grinding . 
Highest loss by no grinding 
Lowest loss by no grinding (gained) . . 
Apart from the highest and lowest differences; the losses 
consistently varied between 0-3 and 1 ton, so that if the 
high and low were discarded as being due to other causes, 
the mean would still remain the same : 


tote 
CWwWONW 
“1h DOOD 


Mean of 8 bars treated normally (b) .. 26-8 
Mean of 8 bars skin ground (c) .. 26-05 
Mean loss by skin grinding 0-75 
Highest loss by skin grinding 1-3 
0-3 


Lowest loss by skin grinding 


Owing to the consistency of these results, eight bars 
were considered as sufficient to prove the point. 

The mean differences, which amount to about 3 per 
cent, in each case, are no more than might be expected 
between any pair of bars, but the trend is sufficiently 
marked as to be definitely against either no grinding or 
severe grinding, although, in the latter case, if the grinding 


determined, and in the event of an oversize bar having 
to be machined to comply with specification, no reduction 
of modulus of rupture is to be expected, although, of 
course, the breaking load will be lowered. 


e 
RELATION BETWEEN Tops AND Bottoms or Bars. 


It is generally accepted that the bottom of a bar cast 
on end is stronger than the top, and that modulus of 
rupture increases with decreasing span. These two 
factors were considered together, and the conclusions 
drawn from the same series of tests. 

Comparing the results obtained from top and bottom 
halves of bars the latter are slightly higher in average 
strength, but in no instance is the gain consistent. 
Individual bars gave results differing as much as 10 per 
cent., the higher strength not always being from the 
bottom half. The results for two series of fourteen bars 
each showed no difference in strength between tops and 
bottoms in one case, and the other showed the bottoms to 
be strongest by 1 ton. This is representative of the results 
generally obtained, and leads to the conclusion that there 
is little difference in strength as a rule, but when there is 





a difference it is generally in the direction of higher strength 
in the bottom of the bar. 

Tensile strength has not been considered so thoroughly 
as transverse, but it may be mentioned that out of six 
bars from an iron consistently close to 14 tons tensile, 
five did not vary more than 0-3 tons and the sixth gave 
13-9 and 15-0 tons from top and bottom respectively. 
This appears to confirm the conclusion reached with 
regard to transverse, although the result of 15 tons is so 
high for that particular iron that it might be considered 
@ freak. 


Errect or Span oN Moputus or RupTuRgE. 


Reviewing his results as a whole, the author says it 
may be accepted that for any series of tests the average 
results are highest when the span is shortest and the 
greater the difference in span the greater the difference 
in strength, but the relationship is not sufficiently con- 
sistent to apply it with accuracy to any particular bar, 
although, if the limits are appreciated, it may be of use. 


RELATIONSHIP BETWEEN D1FFERENT Sizes OF Test Bars. 


This investigation was carried out to find in what way 
the strength of different sizes and shapes of test bars 
compared, and naturally links up with the effect of section 
size on strength. From two sets of curves in the paper by 
Pearce‘ the broad conclusion might be drawn that strength 
decreases as the section increases, and the effect may or 
may not become more pronounced as the silicon rises 
(or strength falls), a variation which appeared to be 
dependent on factors apart from composition. 

When round bars were used, it was soon realised that 
in transverse strength they were relatively stronger than 
rectangular bars. Bach shows that variations also occur 
with other section sha: Several workers have investi- 
gated the relation between 2in. by lin. and 1-2in. diameter 
bars. Again quoting from the same publication, the 
average ratio between 2in. by lin. by 24in. and 1-2in. 
diameter for thirty-nine sets of bars in triplicate is given 
as 0-84, and for other rec and round bars as 
0-83, both being very close to the 0-85 obtained by the 
author. It may therefore be accepted that the 1-2in. 
diameter bar is approximately 20 per cent. stronger than 
the 2in. by lin. bar in transverse strength, although 
individual results may vary up to 15 per cent. or more 
about the mean. 

Considering the tensile strength, both 2in. by lin. and 
lin. by lin. bars show a higher ratio than for transverse 
92 and’ 94, against 85 and 90 respectively—which again 
indicates the lowering effect of rectangular sections on 
transverse test results, and shows why the curve of 
transverse /tensile ratios is lower for 2in. by lin. than for 
round bars. Whilst the 2in. by lin. transverse strength 
is rather lower than the 2-2in. diameter bars, the tensile 
is equal to the 1-65in. diameter bar—an increase of about 
8 per cent., making the ratio to the 1-2in. diameter bar 
0-92 instead of 0-85, as in transverse. If the 1-65in. 
diameter by 24in. bar is adopted with a view to giving 
the same breaking loads as 2in. by lin. by 36in., it would 
need to be reduced to 1-6in. diameter. This would not 
affect the close tensile results, and the span/diameter 
ratio would then be exactly the same as the 1 - 2in. diameter 
bar. 

Turning to the results of round bars, it was expected 
that, as the strength incre&sed, the percentage difference 
in each size of bar compared with the 1-2in. diameter 
bar would decrease, but, except in very low and very 
high-strength irons, such an effect is not noticeable, and 
for practical p the mean of each series is applicable 
to all the usual grades under the conditions of manufac- 
ture and i There is a steady reduction in strength 
as the section is increased, and, apart from the 0-875in. 
diameter bar, which seems to gain a little more in tensile 
than transverse by the smaller section, both strengths 
are reduced to the same extent. Factors, taking the 1 -2in. 
diameter bar as standard, are the mean results divided 
by 100. 


Errect or SECTION Size ON STRENGTH. 


The fact that cast iron is lowered in strength by increas- 

ing section is well known, and may, by undue emphasis, 
be used to its detriment ; but it is often overlooked that 
the same effect occurs to some extent in all metals, both 
cast and forged. Moreover, it is probable that early 
investigations from which the conclusion is drawn were 
carried out on irons of lower strength and made with 
less scientific control than modern irons, both factors 
tending to give exaggerated results. In support of this 
view the following may be quoted from the A.S.T.M. 
Symposium on Cast Iron, dealing with mass effect : 
‘“* Trons produced by foundries with adequate metallurgical 
control vary less in properties from section to section than 
irons formerly used ’’—an opinion held by the B.C.I.R.A. 
and other workers in this field. 

From his own investigations the author concludes 
that whilst increasing section invariably causes loss of 
strength, in most cases there is less relative loss with the 
high-strength irons, and the 5in. diameter bar from a 15 
to 16-ton iron compares favourably with the results of 
other investigators. The loss is only about 20 per cent. 
when the section is increased from 1-2in. to 5in., from 
which the conclusion may be drawn that under the condi- 
tions of manufacture, when strength is a primary con- 
sideration, the iron used will not be seriously affected by 
thick sections. 
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AT a cost of some £1,450,000, the Central Electricity 
Board is extending the power stations at Liverpool, 
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Markets, 


The prices quoted herein relate to bulk quantities. 
A comprehensive list of the prices of materials mentioned below will 


f.o.b. steamer. 


The Steel Trade Outlook. 


Although the volume of new business in iron 
and steel has shown some decline during the past fortnight 
or so, this is not surprising even though it has come at 
a period when the first signs of the normal autumn revival 
usually make their appearance. The uncertainties in 
the market prior to the signing of the Anglo-Continental 
steel agreement in the first days of August caused some 
nervousness amongst consumers with regard to their 
future supplies, and contracts covering a large tonnage 
of iron and steel of all descriptions were entered into, 
many of which extended until the end of the year. When 
the market became acquainted with the terms of the 
agreement and realised the position it was only natural 
that buying should become more restricted, and for a 
time, at any rate, it seems likely that users of iron and 
steel will be able to specify against contracts already 
placed for the material they require. This explains the 
present situation in which new orders are not plentiful 
whilst deliveries from the steel works are on an excep- 
tionally heavy scale. The home demand absorbs by 
far the greater proportion of the iron and steel produced, 
and until recently the poorness of the export trade gave 
rise to some concern. Lately, however, there have been 
signs that overseas buyers are finding it necessary to 
replenish stocks. Unlike the home consumers, they 
displayed no inclination to buy before the British and 
Continental steel makers reached an agreement, but 
afterwards when it became apparent that arrangements 
were likely to be made which would affect them as export 
buyers they showed more interest. This attitude accounts 
for the improved position of some of the Continental 
steel works, which, in the latter part of August, secured 
a substantial number of orders. Expectations that the 
Cartel and the British steel makers will join in organis- 
ing export markets and that an advance in prices will 
form part of their plan, have had much to do with this 
change in the export trade. In some markets, however, 
protests have been made against the policy of the Cartel, 
and it is suggested that schemas are being worked-out for 
starting steel works. 


Pig Iron. 


It is improbable that any change of note will 
occur in the position of the pig iron market until the 
autumn is well advanced, and in the meantime it may be 
expected that business will consist largely of unimportant 
orders. Nearly all the big consumers have covered their 
requirements until the end of the year and even laten 
The question of an alteration in the prices of foundry 
irons is interesting the market, but the general view is that 
no move by the producers in this direction is likely until 
later in the year. The quotations for foundry pig iron 
have not been revised for about eighteen months, although 
prices of other descriptions have been raised during that 
time. On the North-East Coast the market has been dis- 
tinctly quiet, but both producers and consumers of 
Cleveland iron seem to be in a comfortable position, as on 
the one hand, users have covered their requirements and, 
on the other, the makers are well provided with contracts 
and are carrying only light stocks. In fact, the general 
impression in this district seems to be that fresh furnaces 
will have to be put in blast on foundry iron if deliveries 
are to be maintained at their present rate. The require- 
ments of the Scottish foundries appear to be increasing 
and local consumers also are taking considerable tonnages. 
The Midland pig iron market appears to have settled down 
to a period of quiet trading, but deliveries are being made 
on a satisfactory scale. The Central Pig Iron Producers’ 
Association met in the latter part of last week, but fulfilled 
the anticipations of the market and left prices unaltered. 
The light castings makers in the Midlands are taking a 
considerable tonnage of iron, and lately there has been some 
improvement in the quantities of special irons going to the 
engineering foundries. The weak spot of the Midland pig 
iron trade is the poor demand for forge iron. This has 
shown signs of picking up at times during the year, but 
the improvement has not been sustained. Conditions in 
the Lancashire district are sound, but the quantities of 
pig iron taken by the textile machinists are still disappoint- 
ing. New business in hematite has not been active for the 
past few weeks, but it is anticipated that the demand will 
again make itself felt later this month, although a number 
of consumers bought heavily before the last price advance. 


The Midlands and South Wales. 


The autumn season in the Midlands is opening 
with good prospects for the iron and steel industries. The 
end of the holiday period found the steel works with more 
orders on their books than they. have had at this time 
for several years past. In nearly every case they are 
assured of busy working conditions until into the New 
Year. The constructional engineering concerns are well 
situated as regards orders, and it is probable that Midland 
firms will participate in some of the important local under- 
taki which have been announced. The demand is 
largely concentrated upon the heavier sizes, but recently 
some improvement has been noticeable in the request for 
lighter sections. The re-rolling works in the Midlands are 
in a strong position, and as no supplies of Continental bars 
and sections will be offered again for some weeks they 
are experiencing a steady flow of new business. In most 
cases the works are engaged full time and are certain of 
being able to maintain their rate of operations for some 
months. The Association price for small bars is unchanged 
at £8 12s., less a rebate of from 2s. 6d. to 5s. Firms out- 
side the Association quote £7 12s. 6d. for Midlands delivery. 
There has been a strong demand for strip, the quotation 
for which is steady at £9 7s. The sheet makers in the Mid- 


lands are not so well employed as they might be, although 
lately there has been a slight improvement in the export 
trade. 


The home demand, however, is the mainstay of 


Unless otherwise specified home trade quotations 


this market, and latterly it has shown a tendency to con- 
tract. In the plate department also business, whilst being 
fairly steady, does not make much pi . In particular 
the local works seem rather short of orders for heavy 
plates. There has been more buying of colliery steel 
lately. Quotations are unaltered for arches at £8 5s. for 
light sections and £8 10s. for heavy. Roofing bars are 
quoted at £6 5s. to £7 10s. There has been a noticeable 
improvement in business in the South Wales market 
during the past week and the works producing structural 
material have secured a fair amount of business, which, 
however, has consisted chiefly of small orders. The steel 
works are well placed as regards forward contracts and 
can face the future without concern. The demand for 
semis, however, has declined somewhat of late, but as the 
tin-plate works are beginning to experience a seasonal 
improvement in demand this loss should soon be recovered. 


Scotland and the North. 


All the Scottish steel works are operating full 
time, and as there has been a great improvement in the 
position of the Clyde’s shipbuilding industry the outlook 
is distinctly favourable for a continuance of the present 
activity. Heavy deliveries are being made of structural 
material, not only to the shipbuilders, but also to the 
Scottish constructional engineers. The latter industry 
has been well employed for some months, but nevertheless 
continues to provide a good outlet for substantial quan- 
tities of steel. In some cases the steel makers are expe- 
riencing considerable pressure from consumers to obtain 
delivery, particularly of plates and sections. The re- 
rolling section of the industry is taking its fair share of 
orders, the position being in marked contrast to that which 
obtained eighteen months or so ago. There is a good 
demand for bolt and nut bars, whilst the absence of Con- 
tinental competition has enabled the re-rolling works to 
secure a considerable tonnage of orders for steel bars and 
strip which formerly went abroad. A noticeable improve- 
ment has occurred in the Scottish bar iron branch and 
most of the works making this material are busy. New 
business in sheets has been rather scarce, but the pro- 
ducers have a fair tonnage of orders on their books, and 
although the home trade has become rather quieter, the 
export side of the market has shown signs of improving. 
Recently some attractive orders for sheets for drum 
making and pipe lines have been booked for overseas 
destinations. In the Lancashire market the close of the 
holiday season has been marked by a sharp improvement 
in business in most departments. The demand for heavy 
plates is an exception, but, on the other hand, a fair 
amount of new business has been transacted in structural 
steel material. There has been a strong request for 
special and alloy steels, the demand for which a little 
while ago showed signs of shrinking. Business in bright- 
drawn steel bars is steady without any particular feature 
and the quotation remains unaltered at £13 10s. In the 
Barrow district the works are producing a good tonnage 
of railway material and the lighter descriptions of steel. 
The hoop mills in particular are busy and the makers are 
experiencing a strong demand for semis. 


Current Business. 


A contract valued at £23,692 has been secured by 
Braithwaite and Co., Engineers, Ltd., of West Bromwich, 
for the Argentine State Railways for the construction of 
bri . Two vessels, each 9000 tons deadweight, have 
been ordered by Christopher Salvsen and Co., Leith, from 
the Caledon Shipbuilding and Engineering Company, 
Ltd., of Dundee. The London, Midland and Scottish 
Railway has placed an order for the installation of Erith- 
Roe mechanical stokers for two boilers each on the steamers 
‘** Duke of Argyll” and ‘‘ Duke of Rothesay.” The Leeds 
Corporation in its reconstruction programme has included 
a road widening scheme, to cost £750,000, and roads and 
bridge work costing £400,000. Cochrane and Sons, Ltd., 
of Selby, Yorks., have received an order for a trawler for 
Hull owners. A report has been received by the Edinburgh 
Corporation upon the proposed road bridge over the Firth 
of Forth at Queensbury, which suggests economies for 
reducing the estimated cost from £3,650,000 to £3,260,000. 
Gibbons Brothers, Ltd., of Dudley and Middlesbrough, 
have secured an order for Gibbons-Kogag silica coke 
ovens from the Mitchell Main Colliery Company, Ltd., of 
Wombwell, near Bristol. The Department of Overseas 
Trade reports that the following contracts are open for 
tender :—Brazil, Viacao Ferrea do Rio Grande do Sul: 
round steel bars and square and round iron bars for the 
manufacture of screws, dog spikes, and rivets respectively 
(Port Alegre, September)27th):; tian Ministry of the 
Interior: motor water cart (Cairo, September 19th) ; 
Mechanical and Electrical Department, Ministry of Public 
Works : three Diesel lorries of 10 tons capacity, one port- 
able Diesel-driven air compressor with three jack hammers, 
&c., ten U-shaped Decauville wagons of 16 cubic feet 
capacity, and ten V-shaped Decauville wagons of 27 cubic 
feet capacity (Egypt, September 18th); Ministry of 
Public Works: construction of a reinforced concrete 
septic tank and pump house and the supply of two centri- 
fugal pumps driven by two heavy oil engines, &c. (Cairo, 
September 18th); 13in. screw-cutting, sliding and sur- 
facing centre lathe, and a hack sawi machine with 
accessories (Cairo, September 26th); Ministry of the 
Interior: three fire engines (Cairo, September 26th) ; 
electrical equipment in connection with the erection of a 
sub-station at Mehella-el-Kobra (Cairo, October 3rd) ; 
South Africa, Bellville (Cape Province), Village Manage- 
ment Board: two motor-driven three-throw pumps and 
fittings (Bellville, September 25th); South African: Rail- 
ways and Harbours Board: structural steel work in con- 
nection with proposed erection of a pre-cooling store and 
cargo sheds at Port Elizabeth Harbour (Johannesburg, 





Notes. and... News. 


are delivered f.o.t. Export quotations are 
be found on the next page. 


Copper and Tin. 


The electrolytic copper market has maintained 
the firm tone which recently developed. The buying 
movement in America has slackened somewhat, but a 
fair number of transactions are reported, and it is stated 
that the sales during August reached 124,000 tons, It 
is rather difficult to say if the recent purchases have been 
made at the official price of 8-50c., and the impression 
seems to prevail that most of it is being transacted at 
8c. and a little over. On the other hand, a section of the 
market talks of the official American domestic price being 
advanced to 9c. In view of the heavy sales and the 
fact that American consumption is estimated at about 
45,000 tons per month, it would not be surprising if the 
volume of business declined somewhat during the autumn. 
Italian buyers have made inquiries for a considerable 
tonnage, totalling, it is said, over 12,000 tons, but finance 
has been difficult to arrange. Other Continental countries 
also have shown an interest in the market, although not to 
the same extent. Buyers in this country have adopted a 
more conservative policy, although business has been on 
a fair scale. The producers for the time being are not 
pressing sales, and in some cases seem quite content with 
the orders they have in hand. The London standard 
market has ei” a rather easier tone on considerable 
profit taking. . The tin market has been fairly active, 
and the better tone recently noticeable has been main- 
tained. The cash position remains tight and the back- 
wardation is still in the neighbourhood of £10, and this, 
of course, is regarded as a hindrance to trading. The 
statistics for August were probably better than the 
market anticipated. The total visible supply, according 
to the figures published by Mr. W. H. Gartsen, showed 
a reduction of 175 tons, the figures for August being 12,362 
tons, against 12,537 tons for July. The monthly supplies, 
however, showed a substantial increase to 9140 tons from 
7012 tons in the previous month. 


Lead and Spelter. 


The coming into force of the new lead import 
duties has had little influence upon the market, and 
whilst prices have fluctuated a little, the undertone has 
remained firm. A slightly easier tendency noticeable 
at times has been largely the result of speculators taking 
their profits. No ¢ has occurred in the position 
and the industrial demand has been well maintained. 
Large stocks of warehouse lead are available for the 
market, but the arrivals this month are not expected to 
be large. It will be interesting, however, to see whether 
there will be any increase in imports of foreign lead under 
the new scale of duties. In America a stronger tone seems 
to be developing in the market, and it is said that more 
lead is passing into consumption than for some months. 
The stocks in that country, however, are particularly 
heavy, and are estimated to represent at least six months’ 
consumptive demand. The stocks of refined lead in the 
United States at the end of July were 230,915 tons against 
231,077 tons at the end of June. The world’s production 
in July is given as 128,637 tons, against 120,830 tons in 
June.... The spelter market has not been interesting, 
but the firmer tone which has ruled in most other non- 
ferrous metal markets has exerted a favourable influence 
upon this department. The price of spelter is still well 
below the lead quotation, but the market is inclined to 
think that this position will not last long. There is a 
good demand from consumers, but the requiremenis of 
the brass makers appear to have slackened somewhat. 


Non-ferrous Metal Average Prices. 


For the second month in succession the average 
prices of the metals dealt in on the London Metal Exchange 
show a substantial increase, tin being the one exception. 
Usually, August is a quiet trading month in the non-ferrous 
metal markets, but this year considerable activity ruled, 
particularly in copper and lead. In the case of copper 
the average price for cash improved by £1 12s. 2d. over 
July, whilst the three months’ average was £1 Ils. 5d. 
higher. The quotation for electrolytic was £1 13s. 2d., 
and for wire bars £1 12s. better than the July figures, 
whilst for best selected the increase was £1 13s. 11d. 
The heavy fall which occurred in tin is reflected in lower 
averages. The quotation for cash tin was £9 7s. 11d., 
and for three months £10 9s. lower than the July average. 
A sharp improvement is noticeable in the average price 
for lead, the quotation for shipment during the current 
month being 16s. 5d. over that for July. For shipment 
the third following month the price was £1 5s. 8d. better, 
whilst the mean quotation was £1 6s. above the July 
average. The spelter price for August also was higher 
than for the previous month. For shipment during the 
current month the price was up by 13s., and for shipment 
in the third following month by 15s. 1d., the mean quota- 
tion showing an increase of 14s. The following are the 
official average quotations of the London Metal Exchange 
for August :— 











September 30th). 





STANDARD COPPER . Cash.. .. £32 13 68 
3Months.. £33 1 08 
Settlement £32 13. 53 
ELECTROLYTIC COPPER .. ~2 ee an £36 5 0 
ELEcTROLYTIC WIRE Bars £36 10 53 
Brest SELECTED COPPER Seow £35 10.10 
Sranparp Tin.. . Cash.. . £223 4 82 
3Months.. £212 19 8% 
Settlement £223 4 3: 
( For shipment the current month .. £15 15 52 
For shipment the third ae 
LEAD month 2 £15 15 10 
) Mean £15 15° 79 
| Settlement £15 15 74 
( For shipment the current month. £14 14 «33 
For shipment the third d following 
SPELTER mont. £14 18 9 
Mean as £14 16 6) 
Settlement £14 14 104 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices, per ton, delivered buyers’ stations. Sections, joists and plates are subject to a rebate to home users purchasing only from associated British 
Steelmakers : joists, 22s. 6d.; plates and sections, 15s. Export orders of 250 tons and over may be subject to special quotations. 








PIG IRON. STEEL (continued). NON-FERROUS METALS. 
. Home. Export. Home. Export. ’ Official Prices, September 4th. 
(D/d Teesside Area) Guascow anp Disrricr— £s. d. £ GOW | Goan 

N.E. Coast— £s. d. £s. d. Angles 8 7 6... 7 TOL ee a ANTES ABER Gabel) 
Hematite Mixed Nos. .. 310 6.. .. 3 20 Tees. . 0? 6. gpg ROMs solar fe mide to, yer: REAR ROEM 8 
No. 1 nese Boveri case they Rep 3.3 6 Joists a erg yoHTtE Three months... .. 6.) 4s £38 5 0 to aan 6 3 

Electrolytic .. . £36 15 Qto £37 5 0 
Cleveland— (D/d Teesside Area) Channels, , 812 6. 7126 Best Selected Seige; d Pm Bir- s 
Me 71 QU) TAS ag aigiit: 3 4 0 Rounds, 3in. and up 2.2; € oe mingham .. etme: £37 0 0 
No. 3 G.M.B. oo ceo FT 8 ae “ae under 3in. $12 0 710.0 Sheets, Hot Rolled. ea ks £64 0 0 
No. 4 SRR ee 3 0 6 Flats, Sin. and under 812.0 817 6 Home. Export. 
Basic (Less 5/- rebate)... 3 10 0 im Plates, jin. (basis) .. $15.0. 715 0 Tubes, Solid Drawn (basis) .. 10d. 10d. 
MIpDLANDS— vo pices Sa MES 8 00 »  Brazed (basis) .. .. 10d. 10d. 
Staffs— (Delivered to Black Country Station) Bini... as oO Oe 8 5 0 | Brass— 
North Staffs. Foundry SS) xa ote - Ek. rte ne 2) ree ea a eve. 810 0 Ingots, 70/30,d/d Birmingham £30 0 Oto £31 0 0 
»  », Forge... 3 6 6... .. — sagen RM Maciel oe “sepia 8 5 0 Home. Export. 
Basie (Less 5/- rebate)... 315 0.. .. - Dette Minteees police cia Mabiabica? < ; Tubes, Solid Drawn, 2/1 Alloy 9}d. 94d. 
Northampton— Biss goscieYage ord? poy deg a Ts om te cae 11 }d. 11}d. 
Foundry No. 3 oes Angles raven Son ff 74,9 ‘ POL 99) 
Forge : eiigitg evel g am Le TOM ols cecal i meen ahin oy were Ae, SO Rae. .0, 0 
iatheedehes pee B eetlmat Weer td « “ = $ U . Three months... .. .. «.. £209 0 Oto £209 5 0 
ete e sts 5 ‘ ‘ mS q Pe Be 2 
No. 3 Foundry 311 0 , Chante’. 0 © 212-6 BRAD NRE EOF oe A) a Dr te £18 4976 
Forge 3 6 Rounds, 3in. andup .. 9 7 6 8 7 6 | SPELTER .. .. «s oe ve +s £14 18 9to £15 5 0 

ScorvrLanp— a under 3in. ceive aa° S 710 O | Aluminium Ingots (British)...  .. £100 
Hematite, f.o.t.furnaces 313 6.. .. Flats, 5in, and under .. 8 12 0 817 6 
No. 1¥Foundry,ditto .. 312 6.. .. -- Plates, jin. (basis) .. 817 6 715 0 
No. 3 Foundry, ditto .. 310 0.. .. — be Baa SE SL prighug 8 0 0 
Basic, d/d (Less '5/—rebate) 310 0... .. -- SET Spree 110% Dera Tagh ap ig 8 5 0 FUELS. 

N.W. Coast— 3.14 6d/d Glasgow » Wim... .. «.. 912 6.. 810 0 SCOTLAND. 

Hematite Mixed Nos. .. 3 18 6 ,, Sheffield » fim... 910 0.. 8 5 0} LanaRksHIRE— Export. 
x. 2:3 w Seon tiaLAnD— Bewrast. Rest or IRELAND. (f.0.b. Grangemouth)—Navigation Unsereened 13/- to 13,9 
5: ¢'s a £ s. d. ree Glasgow— E}l devitws, stnracjoed SAS O46) 
MANUFACTURED TRON. ent at nnn <suneive-at on 815 0 ” » Splint .. .. .. .. -. Bf to 17/6 
Home. Export. Kee eee ree, Pa 915 0 | AyrsHIRE 

LANcs.— £8. d. £ s. d. Jetted sitisanweolves WAMed 9...2.,.8 (f.0.b. Ports)—Steam .. .. .. .. «. 12/6 to,13/- 
Grown: Bars: :306555. ive BioGls. fh... — ’ 7 
Best Bars Se Fe SRRSNQ CZ Wa! a: - ee wl 7 ra : eo - . : ering mF 
‘ ee coer re anconies ree (f.0.b. Methil or Burntisland) 

S. Yorrs.— ” under 3in. eo wo 9 4 6 es Gra aaut tire at. Mh: 0G ie fk oe 
Crown Bars .. ., .. 912 6,. .. Plates, jin. (basis) .. 9 0 0. a. 2.4 Unscreened Navigation neil’ nacmelaret «ae ae ee 
Best Bars we _ Sas Ee welt aa " ein. oe i A ie 9 7.6 : 

MipLanps— jot dfesee OSS -2:etew@et aati Sore ars 
Crown Bars .. . ce ell A eM eo eee re ee oapes 4-6-6, Leith)—Hartley Prime .. .. .. Se 6 to ~ 4 
Marked Bars (Staffs. pera ©! Qaesid. S san”? pes “@: 916-0 Secondary Steam .. .. -. -- «- «+ I2/- to 12/6 
No. 3 quality Doctvee ee GS, SoG — 

No.4 » chy lle HOF ' OTHER STEEL MATERIALS. ENGLAND. 

ScotLanp— Home. Export. | Yorxsuine, MANCHESTER— + 
Crown Bars... +.+ 9 1276 .. 95.0 Sheets. £ s. d. £ s. d. B.S.Y. Hard Steams .. .. .. .. «. 18/6 to 21/6 
Bet 2k LHLUEL sida. 7101 B: i@ss 915 0 10-G to 13-G., for, .. 910 0.. 815 0 Furnace Coke pissy, wiv... ich <, SS sete. 

NE Goliek 14.G. to 20-G.,d/d 5. 10:15 0... Oi OY ie i esta sil sie 
Common Bars .. .» 912 6.. 815 0 21-G. to 24-G.,d/d .. 11 0 0 .. 9 5 0; pre ® ree tis 
Best Bars a dont asia tec 9186 25-G. to 27-G., a/d | 199" 6s 917 6 Blyth Biegt Basin tales (Sica she ce iti Leite ale Ast to My 
Double Best Bars.. .. 1012 6 10 0 0 The above home trade prices are for 4. ton —we and over ; gp ROW | esivetnonigdecian. ye 13/3 to Ma/8 

. Jes 2-ton to 4-ton lots, 10s. per ton extra ; and under 2-ton lots, axe Best: Ganalh seve be eicee vias 10/6 1 Al/- 
Ussordened: 645 6Ci. ee seve. jar oot BBO Ant LB6 
STEEL. 30s. per ton extra. 
LoNDON AND THE SouTH— Home. Export. Galvanised Corrugated Sheets, Basis 24-G. me gg ot P 14/8 
ry Parad wee: 6a & ; Be -ubttisodtyrhiteg! Shon ORias Mt is 
dean ste 6° 7726 4-ton'lote and up .. ).13' 0° 0 Foundry Coke wees Sachuem: crs) wir FAR OO SOT 
Tees. . D> 30 6. $33 2-ton to 4-ton lots oa The SHEFFIELD— Inland. 
Joists 817 6. - he So Under 2 tons a> on ae oe Best Hand-picked Branch .. 23/— to 25/- 
Channels. ea 712 6 Export: £12 15s. 0d., c.i.f. India, South Yorkshire Best .. .. 20/- to 22/~ 
Rounds, Sin. eatin up 910 0. 8 38 aa £11 5s. Od., f.0.b. other markets. South Yorkshire Seconds .. 17/— to 18/-— 
under 3in. 814 6. 700 » Scandinavian Markets free. Rough Slacks. . 8/- to %- 
Flats, 5in. and under 814 6. 7 0 © | Tin-plates. Nutty Slacks ve see Tf to 8/6 
Plates, in. (besis) a: eo 3: 715 0 20 by 14 basis, f.o.b. Bristol Ghannet Ports, 18/2. 
if Sin. i. @:; Sid ; Sie ade Tin-plate Bars, d/d South Wales Works, £5 5s. 0d. CarpirrF— SOUTH WALES. 
2 jin. .. 910 0. 8 5 © | Billets. £ s. d. Steam Coals : 
so) Smee. 915 0. 8 10 0 Basic (0-33% to 0- 41% C.) eo, 09-612, 6 Best Admiralty Large.. .. .. «. «- 19/6 
if fin. .. 910 0. 8 5°0 » Medium (0-42% to 0- 60% C.).. 4:2 4 Best Seconds oortitnecrrpesti tee) vole rater: MOf- fo NQ/ah 

a ee” Biehl Paid Be ae » Hard (0:61% to 0-85% C.) 712 6 Best Dry Large .. .. «+ +. «se oe 18/9 to 19/3 

' bs Se Bol Ae » (086% to 0- 99% Cc)... 8 2-6 Ordinaries. Spiritus 41) pod d-ageed tO 
am Si Toots begat > (1% ©. and up) 812 6 Best Bunker Smalls’ .. .. .... .. 12/6 to 13/6 
Tees. . Sn Oats . id ¥ Soft (up to 0-25% , C.), 600 tons and up. 510 0 Cargo Smialig’.. 0. ee ee ce oe | ERIS CO 13/6 
Doles pce Tapes 100to 250tons 517 6 Stes TE nuns: Shariah ate isi« nis aoe eas 
5 Ps ° "hi [7 Rails, Heavy, 500-ton lots, f.0.t. -» 810 0 Foundry Coke PUGS BUUOF, OBA BOERS Re 40/- 
Papen Se- pes ¥p TRI Did at » Light, f.0.t... weeteoncpattel se Furnace Coke. . eee 

mi oR Sy- PAS Ba Hie ———- MDMRMAGN Tostsis: firth, siziacts ond Giese 21/- 

Plates, ae we ; ws “ z “ « : FERRO ALLOYS Swansea — 

g a ; ofa of : 

Pe jin? .. 95 0. 8 5 © | Tungsten Metal Powder.. .. .. 3/3 per Ib. wa ea y 36/- to 40/- 

» fein... 9.10 0'.: 8 10 0'| Ferro Tungsten.) 9). 5 Sf-ipor Db. : Machine al (SD TA ae alin 41/- to 48/6 

Ee cul DB Rite e 5e j en. eee rs papitata, silane aecay TATE. tS 
Boiler Plates, jin. “ger wes Ferro Chrome, 4p.c.to6p.c.carbon £21 15 0 T/- + gel 5 page 05 - to 30/= 

rs ja 6 p.c. to 8 p.c. -- £21 0.0 7/- : 
Mrpianps, AND LeEpDs anD District— tac wiee © ees 7/- Peas. eee ee ee ee oe 19/10/28 /- 
£ s. d. fan & ot cote. ae Techibey: Oeabesis «125034. .9185 dae! iaateracrooRhe, tho Rhfs 
2 -” Specially Refined 
Angles 876. a ey Eom »  Max.2p.c.carbon £34 0 0 | Ilj- Steam Coals : 
Tees. . 97 6. 8 7 6 - 2 » Lp.c.carbon £36 5 0 11/- Large Ordinary .. .. ++ «+ «+ «+ 18/- to 20/6 
Jolits 6.16 Or 7 RilO Fin ‘i » 0°50 p.c.carbon £37 5 0 ~— 12/- 
Channels. . ‘ 812 6. 712 6 # . carbon free .. 94d. per Ib. * 
Rounds, sec end u up : - é : . mn 3 Metallic Chromium AP OPS 6 Bee 1: 
8 ep Sah ee 2 d ° Ferro Manganese didbeas .. .- £1015 Ohome FUEL 
Flate, Sin. end under o me sy 6 » Silicon, 45 p.c.to 50 p.c. .. £12 15 O scale 5/- p.u. Ou. 
Plates, jin. oe 32S... 715 0 <e Pte | 2 ha - «- £17.17 6 scale 6/- p.u. Inland consumption ; contracts in bulk. 
Pe. fein. . S £: €-.. 8 0 0 » Vanadium mee, caslied vest haf mer iD. Exclusive of Government tax of ld. per gallon. 
is tin. .. Pe ge Ae 8 5 0 » Molybdenum... .. .- 4/6 per lb. 
” fsin. .. 9.18: B:. 8 10 0 » Titanium (carbon free) .. 9d. per Ib. Ex Ocean Installation. Per Gallon, 
” tin. oie, OO oe. 8.5 0 | Nickel (per ton) oe ee ee) =—£200'to £205 Furnace Oil (0-950 gravity) ole F150 2 34d. 
Boiler Plates, ns: cu FORT 7116 © FOobes 2. cs es te ce oe. B/E RORTe Diesel Oil PLONE PUNO, HE: 4d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
Economic Recovery Plan. 


W3EN the decrees laying the foundation of the 
new economic recovery plan were published, industrialists 
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hoped that a revival of public confidence would encourage 
private enterprise and produce some activity in anticipa- 
tion of the general improvement that was expected to take 
place later on. Nothing of the kind has yet happened, 
and the industrial situation remains s' t, except for 
work given out by the State for national defence and for 
public relief undertakings, nor does it appear likely that an 
improvement can manifest itself until something more 
definite is known of what is to be done with the economic 
recovery plan. The Minister of Commerce, Monsieur 
Georges Bonnet, has explained the necessity of taking 
urgent measures to deal with a situation, the seriousness of 
which is revealed by the figures of foreign trade, showing 
that between 1929 and 1934 imports fell from 46,000 
million francs to 17,000 million francs and exports from 
43,000 million frances to 12,000 millions, the latter figure 
being especially serious because it affects national indus- 
tries which employ most labour. Monsieur Bonnet has 
also indicated the lines upon which the Government is 
likely to carry through its plan. This implies a manipula- 
tion of quotas, contrary to the terms of the decree which 
declared that their abolition was necessary for a recovery 
of foreign trade. The decrees were issued at a time of 
emergency, without apparently taking into account diffi- 
culties that have been revealed in their application by the 
efforts of the National Economic Council and the newly 
formed Permanent Economic Committee to fix a scale of 
import duties in a manner that would safeguard home 
industries. It is held that quotas offer the only effective 
protection against the dumping of goods from countries 
where subsidised exports and embargoes on the export of 
currency are the consequences of weak finance. The 
French have always argued that the only means of dealing 
satisfactorily with the situation, until finances are stabi- 
lised throughout Europe, is to negotiate separately with 
countries on a preferential basis by suppressing, as far as 
possible, quotas with countries trading under normal con- 
ditions and utilising quotas for protection against other 
countries from which the dumping of goods cannot be 
countered by import tariffs, while it is often impossible to 
obtain payment for goods exported to those countries. 
The plan which the Government has in mind is similar to 
the one it endeavoured to introduce some years ago, when 
it was rejected by Great Britain, Germany, and other 
countries on the ground that it violated the most-favoured- 
nation treatment. The French want to suppress that 
treatment as being no longer adaptable to international 
trading conditions, and it is probable that when they have 
settled upon the details of the plan the whole question of 
reciprocal trading with preferential treatment will again 
give rise to discussion. 


Road Making. 


After declining for some weeks, the unemploy- 
ment figures have again taken an upward turn, and the 
Government has found it necessary to push forward the 
programme of road construction in order to provide work 
for an additional 15,000 unskilled hands. The roads 
leading out of Paris are to be widened. Work has already 
been begun on the west of the city, where the existing 
thoroughfare from the Porte Maillot will provide a broad 
avenue, unique of its kind, from the Place de la Concorde 
to the Defense at Courbevoie; a distance of about five 
miles. Several international motor roads converging to 
Paris are to be constructed by utilising existing roads, 
which will be widened and graded for fast motor traffic 
and which will avoid villages and pass over or beneath 
railways and cross roads. For these works a sum of 550 
million francs has been allocated from funds intended 
primarily for railway electrification. Although, in prin- 
ciple, machinery will be employed as little as possible in 
road construction, it cannot be dispensed with, and it has 
been found ni to suppress import quotas on road 
rollers, notwithstanding that French machinery must be 
employed whenever obtainable. Altogether about 60,000 
men are being put on public relief works, or less than one- 
sixth of the official unemployment figure, so that while the 
money spent on relief works suggests activity, the number 
of men engaged on them appears small in relation to the 
amount of money expended. 


The Navy Personnel. 


With the ships now completing, France has a 
naval tonnage of 700,000, of which 565,000 tons are modern 
vessels, the remainder still being useful for service work, 
although it will be necessary to replace those ships at an 
early date. There has always been some difficulty in 
efficiently manning the fleet, and at the present time the 
total personnel is approximately 60,000, including 7000 for 
naval aviation and 13,000 for land services, so that the 
number of officers and seamen available on board is only 
about 40,000. Since the new naval college at Brest 
replaced the training ship “ Borda” the complement of 
officers can be more than maintained, and their pro- 
fessional efficiency is enhanced during training by world 
cruises in the specially equipped “ Jeanne d’Arc,” but men 
are not sufficiently attracted to the service, and the 
Government is exhorted to do something to make the navy 
more interesting as a career. It is stated that 8000 addi- 
tional men are needed to man the fleet and 2000 more for 
naval aviation. 


Subterranean Water Supply. 


The great water basin underlying Paris has been 
drawn upon heavily by artesian wells, and, according to 
Monsieur Lutaud, director of the laboratory of Physical 
Geography in Paris, the subterranean water level has fallen 
considerably since the first well was sunk at Grenelle less 
than a century ago. As the underground supply is being 
drawn upon increasingly the Government has issued a 
decree prohibiting the sinking of wells to a depth of more 
than 80m. without permission. A Bill is before Parlia- 
ment to classify all subterranean water throughout the 
country, which means that supplies will come under the 
control of the State. ; 
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TURBINE MACHINERY. 


432,386. May 25th, 1934.—Prorzotinc Turspine Buapine, 
The English Electric Company, Ltd., Queen’s House; 
28, Kingsway, London, W.C.2, J. P. Chittenden, South 
Lodge, Westfield, Rugby, Warwickshire, and F. Buckley, 
93, Newbold-road, Rugby. 

In order to protect the blading in the low-pressure stages of 
steam turbines against erosion due to water cutting attempts 
have been made to provide a blade with a hardened edge or to 
coat the whole blade or a part thereof with a material much 
harder than the blade itself, the manufacture of the whole 
blade in this material not proving feasible, both on account 
of the cost of the ial steel usually employed and the diffi- 
culty of mechanically working it or machining it to shape. The 
invention therefore consists in building pp an edge to the blade 
by depositing thereon by welding or like process a material 
which is capable of being hardened by mechanical working, 
then subsequently hardening this built-up edge by the said 
working, either rolling or hammering, and finally electro- 
lytically coating the blade with a still harder material, the 
electro-deposit being applied either over the whole of the 
blade surface or only over the edge to be protected. The piece 
welded on may be a complete blade tip or preferably only a 
thin shield, and a suitable material is a manganese steel which 
by cold working can be hardened to co: nd to a Brinell 
number of about 500. Such a material can oe deposited by a 
welding process using an electrode of the material iteelf. The 
electrolytic coating may consist of chromium plating to bring 
the Brinell hardness up to a number between 500 and 600. A 
suitable manganese steel may have a manganese content of 
10 per cent. or more and a carbon content of between 0-3 and 
0-4 per cent.—July 25th, 1935. 


TRANSMISSION OF POWER. 


November 7th, 1935.—A Motri-speED Drive For 
Alfred Herbert, Ltd., Canal-road, Edgwick, 


432,398. 
PRESSES, 
Coventry. 

A two-speed gear change is provided for this press by having 
two sets of teeth on the fly-wheel, One A is internal to the rim 


N° 432,398 








and the other B is external to the boss. The motor is mounted 
by means of an excentric flange C, so that its pinion may be 
made to mesh with either ring of teeth. The motor is reversible. 
—July 25th, 1935. 


432,525. February 15th, 1935.—Ciurcn Puates, The Borg- 

Warner Corporation, 310, South Michigan-avenue, Chicago. 
This clutch plate is designed to prevent distortion through the 
difference in the temperature coefficients of the steel disc and 
the fabric rubbing faces. The periphery of the disc is separated 
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into sector-shaped segments by the T-shaped slots A. The 
alternate segments are offset slightly in gana directions, and 
one set of segments is riveted to one of the fabric rubbing rings 
B, while the other set is riveted to the ring C. Loose rivets D 
prevent the two rings from spreading too far apart.—July 29th, 
1935. 


FURNACES. 


432,388. June 25th, 1934.—Punverisep Furi FuRNACEs, 
Hephaest A.-G. fir motorische Krafterzeugung, 12, 
Freigutstrasse, Zurich, Switzerland. 

With this arrangement the fuel is both pulverised and then 

burned at @ pressure iably above that of the atmosphere. 

A is the furnace and B a multi-s air compressor. Air is 





combustion. Air at a higher 
the compressor, heated 


ressure is taken from the end of 
y the coil D and delivered to the 
pulveriser E. There the air entrains the fuel and projecting it 


against the baffle F pulverises it. The fuel and air go to the 
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furnace by the pipe G. The raw fuel is supplied to the pulveriser 
by the two containers H H, which are alternately filied, through 
the pipes J J, by connecting them with the vacuum pipe K.— 
July 25th, 1935. 


432,379. March 24th, 1934.—BurNners ror PowDERED FUEL, 
J. M. Whitehouse, 13, Alexandra-road, Bedford, and 

A. J. H. Haddan, 11a, St. Andrew’s-road, Bedford. 
In this furnace a circular bowl-shaped hearth of refractory 
material is provided at A, and is fed with powdered coal and air 
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through the central tube, which is fed through the pipe B. 
The hearth is rotated by the worm gearing C, and slag and ash 
are scraped off by the plough D to drop into the hopper E. A 
hollow air-cooled fears hearth may be employed in the place 
of the refractory one.—July 25th, 1935. 


WATER PURIFICATION. 


432,123. January 22nd, 1934.—Process FoR PREPARING 
Water ror Bower Freep Warer, A. Schneider and F. 
Gaisser, the first of No. 28, Gymnasiumstrasse, and the 
second of No. 65B, III, Seidenstrasse, both of Stuttgart, 
Germany. 

The process consists essentially in that the raw water heated 

to about 100 deg. Cent. is caused to trickle down im very fine 

distribution in a cylindrical vessel into which a gas is introduced 
in counter current from below, which gas consists chiefly of 
carburetted hydrogen or nitrogen or a mixture of both gases, 
ammonia being previously added to the water or to the gas. 
The action of the gas may be considerably accelerated and 
intensified by arranging in the cylinder known catalysts and 
binding agents, such as iron filings, fine-grained or granulated 
iron ore, or porcelain rings, over which the water is made to 
trickle. The ammonia may be added in gaseous form to the 
nitrogen or carburetted h and frees the water from free 
carbon dioxide by forming ammonium carbonate by chemical 
means, whereas oxygen is carried off mechanically. 
laden with osypen then passes through a reducing vessel 

(solution of ium hydrosulphite or pyrogallol) or a heated 

tube —— a bare metal, such as copper powder, and then 

again enters the apparatus. There is no loss of carburetted 
hydrogen or nitrogen. The bicarbonates of calcium or mag- 
nesium present in the raw water are partly converted into 
carbonate already by the heating, and precipitate. The 
remainder is precipitated by the ammonium carbonate which is 
formed. This reaction is considerably accelerated by the 
resence of iron, iron Stings, granula’ iron ore, or the like. 

© ammonia unites with the chloride and sulphate ions of the 
chlorides and sulphates of calcium and magnesium in the raw 
water, forming ammonium chloride and ammonium sulphate, 
which are harmless in boiler service, partly even desirable. 

A raw water, having a total hardness of 31 deg. German hardness, 

639 mg. residue from ing, 446 mg. residue from glowing, 

234 mg. calcium oxide and 54-6 mg. ium oxide, enters at 

A into a reaction cylinder of the plant in the form of a spray. 

This cylinder is surrounded by a steam jacket B. The water 

trickles over granulated iron or iron ore arranged in layers on 

perforated plates. Carburetted hydrogen—that is, lighting gas— 
or nitrogen laden with ammonia from a vessel C is supplied from 
below in counterflow to the water. The water leaves the reaction 
cylinder at D and on to a filter. The gas chi with 
oxygen and excess ammonia leaves the cylinder at E and is 
conducted through a cond F, which serves as an ammonia 
separator. The ammonia water formed in the condenser is 
drained off from time to time into the ammonia vessel C. The 
gas leaving the condenser F is conducted through a heated tube 
or tube system G containing a bare metal, for example, copeee. 
Washing vessels containing alkaline pyrogallol or sodium hydro- 





The gas 











taken part.way along the compressor by the pipe C for secondary 


sulphite may be provided, instead of this tube system. The gas 
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is in this manner freed from oxygen and flows into a gasometer H 
filled with water. During this procedure the water is drained 
from this gasometer and returned into a water tank J by a 
pump. At the same time the water from the tank H forces the 
gas out of the meter K into the ammonia vessel! C. The 
four-way cock L serves for reversal. The water leaving the 
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apparatus at E and subsequently filtered has a dry residue of 
352 to 251 mg., a residue from glowing of 167 to 130 mg., 
whereas the total hardness is reduced to 0 deg. The purified 
water reacts on phenolphthaleine (ph—value about 7-7 to 8), 
and can consequently not contain any carbon dioxide.—July 
22nd, 1935. 


MACHINE TOOLS AND SHOP APPLIANCES. 


432,380. March 26th, 1934.—Toous ror Packine STuFFING- 
Boxes, H. Hecker, No. 1/5 Barmbeckerstrasse, Hamburg 

39, Germany. 
This tool is intended for packing condenser tubes, and is 
driven by a rotary shaft A. The packing tool is shown at B, 
and the packing material is fed in through the slot C in the pilot 
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D. A hammer sleeve E is given a reciprocating movement by 
the cams F, and the spring G to drive in the packing tool. 
When it is desired to rotate the tool, to feed in more packing, 
the casing is pressed forward. The spring H is thus comp ‘ 
the catch J engages with' the end of the shaft and the tool is 
rotated.— July 25th,1935. 


432,528. March Ist, 1935.—Cuuck Back Puiartes, John Lang 
and Sons, Ltd., Mary-street, Johnstone, Renfrewshire ; 
W. B. Lang, The Grange, Johnstone, Renfrewshire, and 

E. Shackleton, Marrel Dene, Johnstone, Renfrewshire. 
This is a device to facilitate the mounting and dismounting 
of face-plate chucks on lathe mandrels. "The mandrel has a 
flange and spigot A against which the chuck bears. The flange 
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is drilled for the passage of the holding studs B, and the holes 

are large enough to pass the nuts. Behind the flange there is a 

loose collar C pierced by a set of keyhole slots D. By turning 

the ring slightly the nuts can be passed right through, and then, 
on turning it back, the nuts can be tightened up. The washers 
are held up against the nuts by light coil springs to make it 

easy to get them in place.—July 29th, 1935. 

432,378. March 17th, 1934.—Macutnge Toot ConrTROLs, 
George Richards and Co., Ltd., Atlantic-street, Broad- 
heath, Altrincham, Cheshire, and G. H. Ellis. 

This is a mechanism for controlling the power feeds of a 
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machine tool in two different directions by means of one handle. 
This handle is shown at A and the clutches for engaging the two 
feeds at B and C. The rocking shaft D of the clutch B is con- 





nected with a vertical slide bar in which there is a horizontal 
slot E, while the corresponding slide bar of the other clutch C 
has a vertical slot. It will be seen that movement of the handle 
A in a horizontal direction will eng and di ge the 
clutch C, while vertical movements will affect the clutch B. 
Diagonal movement will operate both clutches, and the tool 
will be fed diagonally.—July 265th, 1935. 





TRAMWAYS AND RAILWAYS. 


432,530. March 27th, 1935.—Bumpine up Worn Rats, 
The British Thomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2. 

The extent to which the rail ends have been battered is 
determined by a straight edge, as shown in Fig. 1, and the 
limits are marked out by the lines A A. Diagonals B B are then 
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drawn to divide the area into four triangles. Sinuous beads of 
metal are then deposited by means of an electric arc, starting 
at the — of the triangles and finishing at the edges of the 
rails. @ convolutions are made to overlap at least 50 per 
cent., as shown in Fig. 3. In this way, it is claimed, an even 
coating can readily be obtained. Finally, the surface is smoothed 
by grinding.—July 29th, 1935. 


MISCELLANEOUS. 


432,390. July Sth, 1934.—Hyprautic ConTron VALVEs, 
Extractor Control Company, Ltd., Dorland House, Lower 
Regent-street, London, 8.W.1, and W. H. Parkin. 

This invention is concerned with the hydraulic controls of 
such appliances as jacks which must be positively locked in any 
position. The apparatus is described as a slave unit for working 
@ jack A, and operated by a master unit not shown. The master 
unit produces a reversible flow in the pipes B and C, as indicated 
by the full line and broken arrows. Should it be desired to move 
the jack piston downward the master is operated to produce a 
flow according to the full arrows. Liquid then passes the lightly 
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loaded valve D and enters the top of the jack cylinder. When 
the pressure is great enough the relief valve E is opened and 
Should the effort of the master be relaxed 


the piston descends. 
the jack piston will not move unless a force is exerted upon it 
greater than can be withstood by the relief valve E. If it is 
desired to raise the jack the master is reversed. Liquid entering 
C then lifts the lightly loaded piston valve F and enters the 
bottom of the jack cylinder to raise its piston. At the same 
time pressure is admitted to the cylinder G by the by-pass H 
to open the valve J and allow liquid to escape from above the 
jack piston. Should the master relax the valves will close again 
and the jack will be locked. It is possible, with an additional 
valve, to get a positive locking action in both directions.— 
July 25th, 1935. 








Forthcoming Engagements. 


Secretaries of Instituti ieties, &c., desirous of having 
notices of meetings inserted in this , are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week pr ing the g In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 
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To-pay TO WEDNESDAY, Sept. 11TH. 
BritisH Assoc. FoR ADVANCEMENT OF SCIENCE.—Meeting at 
Norwich. 
Monpay, Sept. 9TH, TO THuRspAyY, Sept. 12TH. 
Inst. oF Mertats.—Autumn 
Newcastle-upon-Tyne. For programme 
1935. 
Monpay, Serr. 9TH, TO Saturpay, Sept. 14TH. 
Extma Licutine Service Bureavu.—2, Savoy-hill, London, 
W.C.2. Exhibition of Modern Lighting Methods. Daily. 
Turspay, Serr. 10TH. 


Inst. or Marine Enoinerers.—85, The Minories, E.C.3. 
“* Marine Electrical Installations in Service,’’ Mr. H. G. Leivesley 
6 p.m. 
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THourspay, Serr. 12TH, ro Satrurnpay, Serr. 28Tu. 

Sarprinc, ENGINEERING AND Macsinery ExXHIBITION 
(INcoRPORATING THE Founpry TrapEes EXHIBITION). — 
Olympia, London, W. Open 11 a.m. to 9 p.m. daily (except 
Sundays). 

Fripay, Serr. 137. 

Rattway Cius.—At Royal Scottish Corporation Hall, Fetter. 
lane, E.C.4. ‘* Power-operated Signals,” Mr. E. Wallis. 7.30 
p-m, 

Monpay, Sept. lérx, to TuHurspay, Szpr. 19TH. 

Iron aND Sree. Inst.—Aut g at Manchester. 
For provisional pr q*4 see page 189. 

Wepnespay, Serr. 18TH. 

Betrast Assoc. or ENGINEERS.—Visit to works éf Dunville 
and Co., Ltd., Belfast. 7.30 p.m. 

Inst. or MaRIng ENGINEERS.—Ofificial visit to the Shipping, 
Engineering and Machinery Exhibition at Olympia, London, w. 

THourspay, Serr. 19TH, To Sarurpay, Szpr. 21st. 

Nationat SmokE ABATEMENT Soc.—Seventh annual Con- 
ference at Bristol. 

Saturpay, Sept. 21st. 

MANCHESTER Assoc. OF ENGINEERS.—Visit to works of the 
Renold and Coventry Chain Company, Ltd., Burnage. 2.30 p.m. 
Monpay, Sept. 23Rp. 

Inst. of Marine ENGINEERS.—Autumn golf meeting at 
Shirley Park, East Croydon. 

Turspay, Sxepr. 247TH. 

Inst. or Marine ENGIneers.—85, The Minories, E.C.3. 

Presidential address, Mr. Maurice E. Denny. 6 p.m. 
WepNEsbDAyY, Sept. 257TH. 

Inst. or Wextpinec: N. Western Brancu.—At School of 
Technology, Manchester. ‘‘Gas-cutting of Metals Prior to 
Fabricating and Welding,”’ Mr. W. Hart. 7.30 p.m. 

Tuourspay, Sepr. 26rTx. 

Ciry or Lonpon CoLiEGE.—Ropemaker-street, Moorfields, 
E.C.2. Leeture, “ Iron and Steel,” the first of a course of twenty- 
four weekly lectures by Mr. T. Barton Kelly. 6-7 p.m. 

SHEFFIELD MetTatiurRGicaL Assoc. — 198, West-street, 
Sheffield, 1. Dance. 7-10.30 p.m. 

Tvuespay, Oot. Ist. 

Inst. oy AUTOMOBILE ENGINEERS.—At Royal Soc. of Arts, 
John-street, Adelphi, W.C.2. Presidential address, Mr. A. J. 
Hancock. 8 p.m. 
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Suerrienp MetTatturGican Assoc. — 198, West-street, 
Sheffield, 1. ‘‘ Measurement of Steel Corrosion,’’ Dr. G. D. 
Bengough. 7.30 p.m. 


Tvuespay, Uct. 8TH. 

Inst. or ENGINEERS AND SHIPBUILDERS IN SCOTLAND.-—39, 
Elmbank-crescent, Glasgow, C.2. Presidential Address, Prof. 
P. A. Hillhouse. 6 p.m. 

Inst. or Marine EnGIneers.—85, The Minories, E.C.3. 
“The Testing of Engineering Materials,"’ Dr. H. J. Gough and 
Mr. W.J.Clenshaw. 6 p.m. 

SHEFFIELD MetTattuRGicaL Assoc. — 198, 
Sheffield, 1. Extraordinary general meeting, 7 p.m. 
of Steel,” Mr. H. Williams. 7.30 p.m. 

WeEpNEspDAy, Oct. 9TH. 

Inst. or AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 

Presidential address, Mr. A. J. Hancock. 7.15 p.m. 
Tuurspay, Oct. 1l0rH. 

Inst. or AUTOMOBILE ENGINEERS.—At Merchant Venturers’ 
Technical College, Bristol. Presidential address, Mr. A. J. 
Hancock. 7 p.m. 


West-street, 
“ Rolling 


Tvuespay, Oct. 15ru. 

Assoc. oF Supervising Enecrrican ENGingrrs.—At 
E.L.M.A. Lighting Service Bureau, 2, Savoy-hill, W.C.2. 
Presidential address. 7.15 p.m. 

SHEFFIELD METALLURGICAL Assoc.— 198, West-street, 
Sheffield, 1. “The Testing of Steel Foundry Sands and its 
Practical Utility,” Mr. T. R. Walker. 7.30 p.m. 

Tuurspay, Oct. 17TH. 

Inst. or AUTOMOBILE ENGINEERS.—At the Park-lane Hotel, 
Piccadilly, W.1. Annual dinner. 7.30 for 8 p.m. 

Tuurspay, Oct. 177TH, To Saturpay, Oct. 26TH. 

Society or Motor MANUFACTURERS AND TrapERs, Ltp.— 


| Twenty-ninth International Motor Exhibition, Olympia. Open 


daily (except Sundays). 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 





Hues Sirs anv Co., Ltd., hydraulic and general engineers, 
Possil Engine Works, Glasgow, have been taken over by a 
newly formed company under the name of Hugh Smith and 
Co. (Possil), Ltd. Mr. T. A. Hayward, who was a director and 
general manager of Hugh Smith and Co., Ltd., will be the 
chairman and managing director of the new firm. 








LAUNCHES AND TRIAL TRIPS. 





Port TOWNSVILLE, twin-serew motor vessel ; built by Swan, 
Hunter and Wigham Richardson, Ltd., to the order of the 
Commonwealth and Dominion Line, Ltd., of London; dimen- 
sions, 516ft. 4in. by 65ft. by 43ft. 10in.; gross tonnage, 8660 
tons; deadweight tonnage, 11,225 tons; to carry cargo and 
passengers. hee 7" designed by Sulzer Brothers, and con- 
structed by the Wallsend Slipway and Engineering Company ; 
launch, May 2lst; a speed of 18 knots was attained on trial 
trip, August 24th. 








Otymp1A Exuisrtion.—The organisers announce that the 
Rt. Hon. The Lord Sempill will open the oT 2 Engineering 
and Machinery Exhibition on September 12th. In accordance 
with custom, he will arrive at Olympia at noon, will inspect the 
Exhibition for some three-quarters of an hour, and mount the 
platform in the centre of the building at about 12.45 p.m., in 
order to declare the Exhibition open. He will then, together 
with the invited guests adjourn to the luncheon room. 


Rotter BeaRInes on THE L.M.S. Tursomotive.—In our 
article on this subject on August 16th, page 168, we described 
the Bissel truck as having ‘“‘ two-row indirect bearings.’’ This 
should have read “‘ two single-row indirect bearings.”’ Further, 
each bearing is enclosed in a single casting, not, as mentioned, 
the axles “‘ are enclosed in a single casting.”’ Finally, we stated 
that the horn guides were fed from the oiling system of the axle- 
boxes. We now learn that these are fed from separate reservoirs 
cast in the upper part of the axle-boxes. 





